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EXECUTIVE SUMMARY 


The study addresses the question: "to what extent would 
it be possible to postpone the introduction of another 
large generating station after 1988, the date at which 
Darlington G.S. is expected to begin full operation, 
without any reduction in the services that the elec- 


trical energy would have provided?" 


To answer the question the end uses implicit in Ontario 
Hydro's load forecast are examined and savings related to 


each end use are estimated. 


The costs of constructing and operating the next four 
stations after Darlington G.S. are estimated and comp- 
ared with the costs of reducing the requirement for these 


stations. 


The potential of various measures for reducing capacity 
requirements is estimated, together, where possible, with 
associated costs. Included are: industrial cogeneration, 
electricity from biomass, wind generated electricity, 
electricity from small hydraulic sources, interconnections, 
insulation of residential buildings, improved efficiency 
of residential appliances, energy conservation in the 
commercial and industrial sectors, solar space and water 


heating, district heating, load management. 


Implementation rates for the measures are assumed and 
the individual and combined energy and capacity savings 


are estimated. 


PRINCIPAL FINDINGS 


The combined contribution of industrial cogeneration and 
increased levels of insulation in electrically heated 
homes could equal more than 3,800 mw by 1991, at a cost 
comparable with that of providing the same capacity from 


additional nuclear plants. 


The contribution of all the other measures could come to 


almost 7,500 mw by 1991. 


The total contribution of all these measures could exceed 
10,000 mw by 1991 and12,000 mw by 1993. This is 
equivalent to the capacity of the next four large gener- 
ating stations that Ontario Hydro plans to bring into 


service after Darlington G.S. 


Technically and economically viable alternatives to the 
construction of large generating stations appear to be 
available to meet Ontario Hydro's forecast of electrical 


demand. 


nlp 


ACKNOWLEDGEMENTS 


This study benefited from assistance provided by numerous 
people. 


The end use estimates were made with the assistance of 

Brian Finlay of the Ontario Ministry of Energy, Barry McFarlane 
of the Ontario Ministry of Treasury, Economics and Inter- 
governmental Affairs, Robert McDonald and John Robinson of 

York University, Bob Rosehart and Tony Rockingham who are on 
the staff of the Royal Commission on Electric Power Planning, 
and David Brooks of Energy Probe. 


Several people with Ontario Hydro provided useful data relating 
to Ontario Hydro's generation program. Thanks are due to 

Andy Yu, Stewart Hunter, Gerry McIntyre, Larry Guppill, and 
Dave Whiting. 


Others who assisted with information and ideas were Paul Burke 
of the Ontario Ministry of Treasury, Economics and Inter- 
governmental Affairs, Penny Evans, assistant to the Royal 
Commission on Electric Power Planning, George Dominy of the 
Ontario Ministry of Energy, Sean Casey of Energy Probe, Keith 
Kidd of Leighton and Kidd Ltd., Terry Burrell, Joan Hayes, 
Peter Love and Peter Middleton of Middleton Associates. 


The production of this report owes much to the efforts of 
Barbara Savage, Judy Smith, Jesse Frayne, Mary Lynn O'Shea, 
Karen Alcock and especially to Joanna Watts who performed many 
of the calculations. 


Above all, thanks are due to Jack Lubek for his work on 

several of the measures discussed in the report and to George 
Hathaway who designed the implementation model for co-generation. 
Both of these gentlemen greatly aided my understanding of the 
various technical issues which had to be dealt with in under- 
taking this study. 


Peter A. Victor 


et 


Digitized by the Internet Archive 
in 2024 with funding from 
University of Toronto 


https://archive.org/details/31/761119698835 


TABLE OF CONTENTS 


EXECUTIVE SUMMARY 
ACKNOWLEDGEMENTS 


CHAPTER I INTRODUCTION: THE QUESTION POSED 


1. Purpose of the Study 
2. A General Statement of Methodology 
3. Limitations of the Study 


CHAPTER II THE END USE OF ELECTRICITY IN ONTARIO, 
PAST AND FUTURE 


a 


1. Introduction 
2. Forecasting the End Use of Electricity in Ontario 
3. The End Use of Electricity: Energy and Power 


CHAPTER III FINANCIAL SAVINGS FROM POSTPONING THE 
INTRODUCTION OF LARGE CENTRAL 
GENERATING FACILITIES BEYOND 1987 


1. Introduction 


2. Estimating Capital Costs of Ontario Hydro's © 
Generation Program LRF 48A and Capital Savings 
Achieved by Eliminating Stations from this Program 


3. Estimated Operation and Maintenance Cost Savings 
Resulting from the Elimination of Nuclear and 
Coal-Fired Stations 


4. Fuel Costs for Nuclear and Coal-Fired Plants 


5. Estimated Capital Operation, Maintenance and 
Fuel Cost Savings 


iv 


24 


Zo 


28 
30 


33 


Continued 


CHAPTER IV 


onon an £—& Ww NY - 


a 
© 


ive 
TZ. 
Use 


CHAPTER V 


] 
Li 
ce 
4 


A REVIEW OF ALTERNATIVES TO 
BUILDING LARGE GENERATING STATIONS 
IN ONTARIO 


Introduction 

Industrial Cogeneration 

The Generation of Electricity from Biomass 
Wind Generated Electricity 

Electricity from Small Hydro-Electric Sources 
Interconnections 

Increased Insulation of Residential Buildings 
Improved Efficiency of Residential Appliances 
Electrical Savings in the Commercial Sector 
Electrical Savings in the Industrial Sector 
Solar Space and Water Heating 

Load Management 

District Heating 


THE QUESTION ANSWERED 


Introduction 
Implementing Cogeneration in Ontario 
Increased Insulation of Residential Buildings 


A Program of Cogeneration and Residential 
Insulation As An Alternative to Stations E15 
and E16 - A Preliminary Assessment 


Implementing Improvements in the Efficiency 
of Residential Appliances 


Implementing Solar Heating in Ontario © 


Implementing Electrical Savings in the 
Industrial Sector 


Implementing Electrical Savings in the 
Commercial Sector 


Implementing Load Management in Ontario 


Page 


106 
106 


107 
126 


Sy 


137 
139 


149 


150 
152 


Continued 


Page 


CHAPTER V (continued) 


10. The Other Measures 159 
11. <A Role for Electricity Generated from Biomass 161] 
ize Conclusion 164 
APPENDIX A 3 
APPENDIX B ; 19] 
APPENDIX C 194 


REFERENCES | 196 


vi 


nots 02 sah vil 


no>awfan a”. 


ae hia 
A rae Ls 


: we 
ee 
i . : T- ety 
“ORT 
Pe °F Le 
4 Fl 


LIST OF TABLES 


CHAPTER II 

1 ea | Projected Use of Electricity by Sector 12 
2 Projected End Use of Electricity in the 

Residential Sector 13 
te 3 Projected End Use of Electricity in the 

Commercial Sector 14 
II.4 Projected End Use of Electricity in the 

Industrial Sector 15 
bi5 Estimated End Use of Electricity in the 

Residential Sector ey 
II.6 Estimated End Use of Electricity in the 

Commercial Sector 18 
RLS7 Estimated End Use of Electricity in the 

Industrial Sector 19 


CHAPTER III 


LIL. Estimated Annual Operation and Maintenance 
Costs (1985 Dollars) of CANDU Nuclear and 
Coal-Fired Plants 29 


Plier Estimated Annual Capital, Operation, 
Maintenance and Fuel Costs Associated with 
E15 (4 x 516 mw CANDU), 1980-2007 35 


fli.3 Estimated Annual Capital, Operation, 
Maintenance and Fuel Costs Associated with 
E16 (4 x 850 mw CANDU), 1980-2007 36 


III.4 Estimated Annual Capital, Operation and 
Maintenance Costs Associated with E17 
(4 x 750 mw COAL FIRED), 1980-2007 ey) 


Giie5 Estimated Annual Capital, Operation and 
Maintenance Costs Associated with E18 
(4 x 750 mw COAL FIRED), 1980-2007 38 


Li E.6 Estimated Annual Savings from Eliminating 
Successive Plants after Darlington G.S. 
Associated with E17 (4 x 750 mw COAL FIRED), 
1980-2007 39 


Continued 


CHAPTER IV 


IV. 
IV. 
Ly. 
EY: 
IV. 
IV. 


ys 


IV. 


IV. 
IV. 


IV. 
IV. 
IV: 
IV. 
IV. 
IV. 
IV. 


IV. 
IV. 


] 
2 
3) 
4 


Potential Power from Cogeneration 
Assumed Steam Utilization Factors 
Capital Costs for Cogeneration 


Operation, Maintenance, Fuel and Other Costs 
for Cogeneration 


Estimates of Electrical Energy and Capacity 
from the Use of Biomass Fuel 


A Summary of Estimates of Capital Costs for 
Generating Electricity from Biomass 


Estimates for Operation, Maintenance and 
Fuel Costs for the Generation of Electricity 
from Biomass 


Estimated Fuel Costs for Electricity 
Generated from Biomass 


Electrically Heated Homes in Ontario 1974 


Estimates of the Effect of Increased Insulation 
on Electrical Heating Demand 


Estimated Per Unit Cost for Reducing 
Heating Demand 


Residential Energy - Power and Load Factors, 
1974 


Estimated Savings from Increasing the 
Efficiency of Residential Appliances 


Potential Savings from Increased Efficiency 
of Residential Appliances in 1974 


The End Use of Electricity in the Commercial 
Sector, 1972 


Summary of Electric Energy Management 
Potential in the Commercial Market Segment 


Potential Annual Electrical Savings in the 
Commercial Sector 


Utility Annual Load Factors 1973-1974 


An Estimate of the Potential Electrical Energy 
Savings in the Oshawa - Hamilton Region of 
Ontario for 1977 


Mid 


46 
48 
oe 


54 


56 


57 


59 


93 


98 


Continued 


CHAPTER V 


V.1 Values for Base Year Maximum Steam Demands 

Used to Establish an Implementation Program. 

for Cogeneration Ls) 
V.2 Assumed Values for the Utilization Factors 116 
Wes An Implementation Program for Cogeneration 

Using Industrial Boilers with Maximum Steam 

Demands Greater than 500,000 lbs/hr 118 
V.4 An Implementation Program for Cogeneration 


Using Industrial Boilers with Maximum Steam 
Demands less than 500,000 lbs/hr and Greater 


than 100,000 lIbs/hr 119 
WD An Implementation Program for Cogeneration 

Using Industrial Boilers with Maximum Steam 

Demands less than 100,000 lIbs/hr 120 
V.6 An Implementation Program for Cogeneration 121 
V.7 Comparative Costs of a 4 x 516 mw Nuclear 

Station (E.15) and 2064 mw of Cogeneration 

Capacity 124 
V.8 The Present Value (1977) of the Cost 

Differences of Cogeneration and a Nuclear 

Plant | 125 
V.9 Projected Mix of Dwelling Units for the 

Period 1976-2007 in Ontario 129 


V.10 Estimated Energy and Capacity Savings and 
Annual Costs for Increased Residential 


Insulation | 130 
v.14 Costs of Cogeneration and Residential 

Insulation Compared with Nuclear Stations 

E15 and Two Units of E16 134 


"Pa The Present Value (1977) of the Cost 
Differences Between Cogeneration and 


Insulation, and Nuclear Capacity 136 
Vel Energy Savings from Improvements in the 

Efficiency of Residential Appliances 137 
v.14 An Implementation Program for Improvements 

in the Efficiency of Residential Appliances 138 
v.15 Estimated Energy Savings from the Increased 

Efficiency of Residential Appliances 140 

Continued 


ix 


CHAPTER V 
V.16 Estimated Capacity Savings from the Increased 
Efficiency of Residential Appliances 14] 


Val? Summary of Estimated Electrical Energy and 
Power Savings in 2001 Due to Solar Heating 


in Ontario 144 
v.18 Estimated Electrical Energy and Power Savings 

from Solar Heating for the Year 2001 146 
v.19 Total Projected Electrical Savings from Solar 

Energy 147 
v.20 Estimates of Electrical Energy and Capacity 

Savings Due to Solar Heating in Canada 148 
v.21 Estimated Capacity Savings Due to Electrical 

Energy Management in the Industrial Sector 151 
V.22 Estimated Energy Savings by End Use in the 

Commercial Sector 153 
Vi23 Estimated Capacity Savings from the Increased 

Efficiency of the Use of Electricity in the 

Commercial Sector 154 
v.24 System Load Factor with the Implementation of 

Various Energy Measures 156 
v.25 Estimated Capacity Savings from Load 

Management 158 
V.26 Comparative Costs of Generating Electricit 

from Biomass in 150 nw Plants, and from Coal 

in a 750 mw Unit 161 
V.27 Present Value of the Cost Differences of 


Generating Electricity from 5 x 150 mw Biomass 
Fuelled Units and 1 x 750 nw Coal Fired Units 


162 

V.28 A Summary of the Annual Energy Savings Due 

to all the Measures 165 
V.29 A Summary of the Annual Capacity Savings Due 

to all the Measures 166 
v.30 A Comparison of Ontario Hydro's Capacity 

Expansion Program and the Estimated Capacity 

Savings 168 

Continued 


LIST OF FIGURES 


FIGURE III.1 


Annual Capital Expenditure Forecast for 
LRF 48A and Deletions from it 


FIGURE IV.1 


Estimated Costs of Cogeneration 


scr 


27 


a1 


Y deetueees ras ale Boas “9 
Ce eve cy a? Wess We. Wee 


See Sr hege 
oe 5 (ep 


Peto te sh as HON GES | 


So a?  paAt i <i. et OOFR 4 
J ; aA. - re ey b>! 


ue Sts Cent are 


> 
PAF @ aT 
94) e 
7 : io: 
nv ; f 
a 1 j (ce Hw Shep a) Ton 
i) : t e* 
ae q 7 
: i 
\ 
‘ ee 
er 
4 
Epa 
1 
} 
(i 
iY 
a 
“as 
? 
\ 
+) 
¢ 
wm ' j 
. Pai 
¢ ' 
4 
’ e/ ¢) ) 
Ag ‘ 
\ 
: 
= 
7 
q 
i) 2 
: 6 
! a Ly 


ter ths 


ft: il am 
yon 


ma ‘eee: eis a 
eee trstomi 223'-- va 


ee + 
i any 


\ 4 
ae 
.< 
aM ae 
‘ iy 
aed 
ho 
( iy 
nal ° 
on 
" ‘ 


td 
.< *4 f Pt a 
aU Lane ' y 


ane 


@. 
ay, i 
\\) 2 


CHAPTER I 


INTRODUCTION: THE QUESTION POSED 


Le PURPOSE OF THE STUDY 


Throughout the world, many countries are reassessing their commit- 
ment to a xapidly expanding electrical energy generation program. 
Within Canada reassessment has proceeded furthest in Ontario 
where the Royal Commission on Electric Power Planning has been 
examining the long-range planning of Ontario's electric power 


system. 


In the course of the Commission's inquiry numerous representations 
have been made regarding the possibility of reducing Ontario's 
dependence on electricity generated from centralized sources. Prac- 
tices in other countries have been cited as examples of what is 
possible in Ontario. and various studies, some of which were funded 
by the Commission, have examined specific options that would reduce 


the rate of growth of Ontario Hydro's generation program. 


To date, insufficient attention has been paid to combining ina 
consistent manner the wide range of possibilities for reducing the 
amount of electricity to be supplied by Ontario Hydro. The purpose 
of the present study is to do this in the context of a specific 
question, the answer to which has implications for the more general 


problem of constructing alternative energy strategies for Ontario. 


The question which provides the focus for the entire study is 


the following: 


To what extent would it be possible to postpone the introduction 
of another large generating station after 1988, the date at which 
Darlington G.S. is expected to begin cag operation, without any 
reduction in the services that the electrical energy would have 
provided? 


2 A GENERAL STATEMENT OF METHODOLOGY 


The response to this question has been developed in several stages 
and on the basis of some key assumptions which should be understood 


at the outset: 


i) Ontario Hydro's forecast of the most probable load 
growth has been accepted without Aegon te The 
study examines alternative means of satisfying the 
specific set of end uses (e.g. heating, lighting, 
motive power) that are implicit in Ontario Hydro's 
load forecast. Whether or not these end uses are 
in fact the most likely and the most desirable for 


Ontario are matters worthy of consideration in their 


own right, but are not pursued here. 


22) 


ala) 


iv) 


Since Ontario Hydro does not make its own forecast of 
the uses to which electricity will be put, it has been 
necessary to make an end use forecast consistent with 
Ontario Hydro's total load forecast. This was accomp- 
lished in consultation with a limited group of know- 
ledgeable people, and the methodology and results are 
described fully in the next chapter. The main purpose 
of this end use forecast is to provide a benchmark 
against which the adequacy of an alternative means of 
servicing these end uses can be judged. It is assumed 
that such an alternative should be capable of providing 
at a comparable cost the same services as Ontario Hydro's 


proposed expanded, electrical generation system. 


Ontario Hydro's estimates of the capital cost savings 
from the deletion of the first four stations after 
Darlington G.S. were obtained. To complete the picture, 
operation, maintenance and fuel savings were estimated on 
the basis of data provided by Ontario Hydro. Costs for 
transmission, distribution and decommissioning were not 
included. The resultant estimated total savings from not 
building the first four stations after Darlington G.S. 
are used to judge the cost-effectiveness of the alter- 


natives considered in the study. 


Ontario's requirements for electricity from Ontario Hydro 
can be reduced by a more efficient use of the electricity, 
and by substituting energy from other sources for centrally 
generated electricity. Conservation measures include 


increased insulation of buildings, improved efficiency of 


using electricity and load management. New and additional 
sources of energy include solar space and water heating, 
industrial cogeneration of electricity, wind power, and 
energy derived from biomass. All these and more are con- 
sidered in this study in terms of energy savings, energy 


supply, and cost. 


v) | The final methodological step is to bring together all the 
pieces of information in the study that bear on the poten- 
tial for postponing the construction of additional large 
electrical generation facilities after Darlington G.S., 
without foregoing any of the services that the electricity 


would have provided. 


Cie LIMITATIONS OF THE STUDY 


Any study which deals with a period extending as much as 30 years 
into the future necessarily confronts a large measure of uncertainty, 
leaving room for substantial disagreement over the accuracy of the 
results obtained. The fact that this study is concerned with energy, 
a subject which is particularly prone to unforeseen technical prob- 
lems and breakthroughs, unpredictable yet significant cost increases, 
and erratic political involvement, only serves to complicate the 


problem of analyzing future options and their consequences. 


This is not to suggest that attempts to look into the future and make 
appropriate plans are not worthwhile. Indeed, the opposite conclusion 
should be drawn since planning is one way of dealing with uncertainty. 


What should be clearly understood, however, is that this particular 


aia 


study provides an analysis of only one among a very large number 
of possible alternative energy mixes for Ontario. It deals with 
a very specific modification to Ontario Hydro's generation 
program, without, it should be recognized, considering the policy 
initiatives necessary for its implementation. As such the results 
should be regarded only as an indication of what is possible when 
something other than the business-as-usual approach is assumed. 

A somewhat broader approach, in which many of the assumptions 
listed earlier would be relaxed, will be necessary in order to 


develop a proper alternative energy strategy for the Province. 


Even with the issues narrowed down to a response to a specific 
question, a wide range of assumptions has been required relating 
particularly to technical performance and cost. Choices have had 

to be made throughout and the practice has been to lean heavily on 
the conservative side so that one can be confident that, if anything, 
the conclusions of the study underestimate the scope for curtailing 


Ontario Hydro's expansion program. 


As to the particular nature of the curtailment, stations are assumed 
to be eliminated entirely fromthe program rather than merely post- 
poned. The possibility of altering the operations of the existing 
stations to partially compensate for the foregone additions to 
capacity has, in most instances, been left out of the computations. 
Similarly, when the load forecast by Ontario Hydro ultimately 
overwhelms the conservation and alternative energy supply measures 
no consideration is given to the likelihood that Ontario Hydro might 
resume its expansion program with smaller stations than those pres- 
ently envisaged. This longer term effect on the expansion program 
of the alternatives described in this study could be very significant 


but is not dealt with here. 


Other aspects which are not discussed relate to the problems of 
implementing the alternatives to Ontario Hydro's generation pro- 
gram. Central among these is the reallocation of large amounts 
of capital that would be required to finance many of the alter- 


natives to the construction of large generating stations. 


Perhaps the most serious limitation of this study stems from the 
inadequacy of the data upon which the calculations and conclu- 
sions are based. To a large degree this reflects the lack of 
interest that has been shown by all but a few pioneers in 
alternative energy strategies. What work has been done has gen- 
erally not been funded in a manner comparable with such programs 
as Ontario Hydro's generation expansion plan. The literature 
abounds in conflicting and inconsistent views and results, and, 

in some cases, there are complete gaps. These circumstances 

have demanded that a considerable amount of judgement be exercised 


2 
throughout this Goudy" i 


In conclusion, for all the reasons stated, this study should be 
regarded only as indicative of what might be done in Ontario, and 
at what cost, to reduce the requirement for a rapidly expanding 
centralized electrical generation system. Beyond the observation 
that the scope is considerable and more than sufficient to justify 
further inquiries into alternative energy strategies, the study 


contains no specific recommendations. 


=6= 


FOOTNOTES : 


i; The most recent forecast at the time of the study 
was contained in Load Forecast 1977 by Regions and 


Marketing Branch, Ontario Hydro, April 1977. (41) 
2° In some of the tables that appear in the study 


there may be minor discrepancies due to rounding 


errors. 


*Bracketed numbers refer to the bibliography at the end of the 


report. 
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CHAPTER II 


THE END USE OF ELECTRICITY IN ONTARIO, PAST AND FUTURE 


le INTRODUCTION 


"End use" refers here to the specific services provided by the 
consumption of electricity. Typical end uses include space and 
water heating, cooking, lighting, air-conditioning, and operat- 
ing motors for a wide variety of purposes. It has become 
customary to distinguish among the residential, commercial and 
industrial use of electricity and to analyze the end uses within 


each sector. This distinction is maintained in the present study. 


Information about the end use of electricity and forecasts of the 
future end use are important for a number of purposes. In part- 
icular, the appropriateness of using electricity to perform 
specific tasks, such as the provision of space heating, can be 
evaluated using criteria derived from the physical laws of thermo- 
dynamics. Two approaches are commonly used. The first compares 
the heat value of the primary energy input (e.g. 25.4 million 
Btu per ton of coal) with the heat value obtained from running 
electricity through resistance heaters. A "first law efficiency" 
of 30% is not uncommon oo: The second approach, based on the 
second law of thermodynamics, compares the use value or quality of 
the energy used to perform a certain task with the theoretical 

(2) 


minimum quantity of energy that would perform the same task 


= pm 


Using this criterion one estimate for energy consumed in the United 
States (3) suggested that eight-five percent of the capacity of 


this energy to do work is wasted. 


The reason for this high level of waste, at least part of which, it 
should be noted, may not make economic sense to eliminate, is due 

to such practices as using a fission reaction at 10 ,000°C to obtain 
steam to drive a turbine which generates electricity that is trans- 
mitted over many miles so that it can be run through a resistance 
heater to raise room temperature by 10°c. In the absence of waste 
heat utilization, a practice which is still uncommon in Ontario, all 
the heat losses in this process of energy transformation constitute 


a waste of useful energy. 


Whether or not the traditional economic criteria of cost effective- 
ness should be supplanted or supplemented by these physical measures 
of efficiency is a matter of current debate Care If the conclusion 
is that they should at least be considered as an addition to economic 
evaluation, as seems likely, then greater attention will have to be 
paid to the end use of electricity, and other forms of energy, than 


has been the case in the past. 


In the context of this study, concerned as it is with the possibility 
of doing without certain planned additions to Ontario Hydro's gener- 
ating capacity, a forecast of the end use of the electricity to be 
displaced is essential if equivalent services are to be provided by 
alternative means. For example, the expected use of electricity for 
space heating places an upper limit on the extent to Which elec- 


tricity can be saved by means of increased insulation of buildings 


and by the widespread introduction of solar heating. 


= Ques 


In a discussion related to alternative energy strategies, given 
the importance of forecasting not only the total demand for 
electricity but also its expected end use, it is significant 
that no systematic end use forecasts have been made by Ontario 


Hydro or by the Ministry of Energy. 


This undoubtedly reflects their orientation towards a supply 
approach to energy policy, which accepts the demand for specific 
forms of energy as given and seeks only ways to satisfy the 
demand. In contrast, this study recognizes that this demand for 
energy can provide services, and only accepts the demand for 
services as given. It is this perspective which leads directly 
to a consideration of other means of providing the same services. 
A further step, and one not taken in this study, would be to 
examine and evaluate the services that are demanded and to look 
at ways and means of modifying these demands as part of an over- 


all energy strategy. 


For the purposes of this study, the lack of an official end use 
forecast for electricity in Ontario meant that such a> forecast 
had to be made. The rest of this chapter describes the method- 


ology used and the results obtained. 


Zs FORECASTING THE END USE OF ELECTRICITY IN ONTARIO 


A forecast of the end use of electricity in Ontario for the next 
thirty years was obtained by soliciting responses to a question- 
naire from eight individuals actively engaged in making, critici- 


5) 


zing, or implementing Ontario's electricl energy policy 


=10— 


Historical end use data was provided together with Ontario Hydro's 
forecast of the most probable load growth and a statement of the 
principal assumptions on which this forecast was based. For further 
information, a graphical projection of end uses up to 2007 based on 
1976 data was also made available. The questionnaire and all the 


supplementary material are contained in Appendix A of this report. 


The respondents were explicitly told to accept Ontario Hydro's load 
forecast as being the most probable and to consider only how the 
electricity would be used were jit to be demanded in the amount fore- 


cast. 


Initial responses to the questionnaire were surprisingly similar 
given the very different perspectives of the various participants. 
The averages and standard deviations of the seven responses to each 
question were circulated to the respondents who were given the 
opportunity to revise their forecasts CQ) In almost every case the 
standard deviations declined, indicating a reduction in the range of 
the individual responses. The arithmetic average and standard 


deviation of these second round responses are shown in tables II.1l 


to I1.4. 
The averages displayed in the tables were accepted for the purposes 


of this study as a reasonable end use forecast that is consistent 


with Ontario Hydro's forecast of load growth. 


-ll- 


TABLE I1.1 


PROJECTED USE OF ELECTRICITY BY SECTOR (PERCENT) 


(1) 


EA 8 ERR ESS SA SS ST EA REE SS SEE ESSERE EN REE A SE PEE ES SEER TS 


HISTORICAL PROJECTED 
SECTOR 1966 1971 1974 1987 1997 2007 
Residential 28.8 31.0 31.4 30.97 (1.7) 30.3, (4.5) 28:3, (6.4) 
Comme rcial 20.3 22.4 212 27.6 2s2) vag PT ae ee 2/.3,(6.29 
Industrial 50.9 46.6 41.4 41.6, (3.1) 42.6, (4.8) 44.4,(7.4) 
Total 100.0 100.0 100.0 
Aa Standard deviations of responses in parentheses 
Source: Historical data from Ontario Hydro, Energy Utilization and the 


Role of Electricity, 1976 (26) 
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TABLE I1.3 


PROJECTED END USE OF ELECTRICITY IN THE COMMERCIAL SECTOR (PERCENT) 


HISTORICAL PROJECTED 
End Use 1974 1987 1997 2007 
Motors 51.0 51.9, (1.2) 51.5, (3.9) 50.3, (7.7) 
Heating 5.8 Talila) 10207504) 12.9, (9.4) 
Lighting 38.8 35.3, (2.7) 5174, (3.6) 29.1, (3.9) 
Other 4.4 57; C8) Tol (led) Paty taes) 
TOTAL 100.0 


Source: Historical data from Ontario Hydro, Energy Utilization and the Role 
of Electricity, 1976 (26) 


Sld= 


TABLE I1.4 


PROJECTED END USE OF ELECTRICITY IN THE INDUSTRIAL SECTOR (PERCENT) 


HISTORICAL PROJECTED 
End use 1974 1987 LoS, 2007 
Motors 76.1 15g ClO) 73.0, (3.4) 70.0) (4) 82.99 
Heating £So 7 1905 fGleL) 17.0, (4.8) 193975 (10.5) 
Lighting 10.2 9.4,(1.0) 8.6, (2.0) 7.9, ( 2.8) 
Other 0.0 1.0, (1.4) 1.4, (1.6) 224 (eee) 
Total 100.0 


Source: Historical data from Ontario Hydro, Energy Utilization and the Role 
of Electricity, 1976 (26) 


=< bee 


In order to convert these projections in percentage terms 
for the years 1987, 1997 and 2007 into projections of 
energy use for each year, 1975-2007, the averages in 
tables II.1 to II.4 were applied to Ontario Hydro's load 
forecast and plotted. The points were joined and read- 
ings were taken of the end use of electricity in each of 
the sectors. In each case ‘other’ uses were computed as 
a residual after the total electricity use in each sector 
was divided among the specified uses. It is recognised 
that this methodology is not especially rigorous but was 
the most appropriate in the time available. The numerical 


results are displayed in tables II.5 to II.7. 
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TABLE I1.5 


ESTIMATED END USE OF ELECTRICITY IN THE RESIDENTIAL SECTOR 


(10° mwh) 
WATER SPACE REFRIG- AIR 

YEAK HEATING HEATING ERATION COOKING LIGHTING TV COND.1 DRYING MISC. TOTAL 

gee 
1977 8.0 6.5 4.8 2.8 1.6 8 9 1.4 2.0 28.8 
1978 8.4 6.9 4.8 Bol 2.0 a) 1.0 1.6 Zane 30.8 
1979 9.0 7.7 553 3.4 2.0 8 1.0 1.6 2.4 33.2 
1980 9.3 8.1 5.3 3.6 2.4 8 1.0 1.6 2a 4.8 
1981 10.2 8.9 SoD 3.8 2.4 9 1.0 1.8 Sok 37.6 
1982 10.8 IST! 5.6 4.0 352 died 1.0 2.0 a5 40.9 
1983 2252 10.2 5.6 4.0 3.2 2 1.0 2.4 4.0 42.8 
1984 12.0 11.0 6.0 4.2 3a2 1.2 1.0 2.4 4.4 45.4 
1985 12.8 11.8 6.0 4.3 o35) 1.6 1.0 2.4 4.8 48.2 
1986 13.4 igea 6.6 4.7 3.8 1.6 1.0 3.0 5.4 Sle 
1987 14.0 12.8 6.8 4.8 3.8 2.0 1.0 3.0 6.4 54.6 
1988 14.6 13.8 7.2 4.8 4.0 2.4 1.0 3.0 Use 58.1 
1989 15.4 15.0 7.2 4.8 4.8 2.4 1.0 3.0 8.1 61.7 
1990 16.0 16.3 7.6 5.0 5.4 2.4 1.0 3.2 8.8 65.7 
1991 16.9 b7.9 7.8 5.3 6.0 Zoo 1.0 52 9.4 70.0 
1992 17.6 18.7 8.0 5.6 6.4 Zao 1.1 3.6 10.4 73.9 
1993 18.4 20.3 8.4 6.2 6.4 2s) Led 4.0 Wot 78.5 
1994 18.8 21.5 6.8 6.6 6.6 2.8 a2 4.0 11.9 82.2 
1995 19.5 23.0 9.2 7.2 6.6 Sala 1.2 4.0 12.5 86.4 
1996 20.0 24.4 9.5 8.0 6.6 4.0 1.2 4.0 13.6 Si. 3 
1997 21.0 25.4 9.8 8.8 6.7 4.4 1.3 4.2 14.4 96.0 
1998 21.6 27.6 10.1 9.6 6.8 4.8 rg! 4.2 TS52 101.2 
1999 22.2 29.7 10.8 10.0 7.2 Se 1.4 4.8 16.0 107.1 
2000 22.8 31.3 11.2 10.4 7.6 5.3 1.4 4.8 16.8 111.6 
2001 23.6 3325 11.6 10.8 7.6 S36 1.5 §.0 17.6 116.6 
2002 24.2 35.8 12.0. 11.2 8.0 5.6 > 5.0 18.8 MPP 40k 
2003 25.0 37.8 12.4 12.0 8.2 6.0 15S 5.0 20.0 P2739 
2004 25.8 3957 12.8 12.6 9.4 6.0 1.6 5.6 ak LS 135.1 
2005 26.4 42.7 13.2 13.2 10.0 6.4 NES 5.6 2 iEN PA 142.3 
2006 Zhe! 45.5 14.2 13.8 10.8 6.4 1.6 5.6 24.8 149.8 
2007 27.8 47.3 14.4 14.2 12.2 6.4 2.0 6.4 28.0 158.7 
pee Obtained by subtracting all other uses from the total 


lives 


YEAR 


L977 
1978 
1979 
1980 
1981 
1982 
1983 
1984 
1985 
1986 
1987 
1988 
1989 
1990 
1991 
1992 
1933 
1994 
1995 
1996 
ERY 
1998 
1999 
2000 
2001 
2002 
2003 
2004 
2005 
2006 
2007 


ESTIMATED END USE OF ELECTRICITY IN THE COMMERCIAL SECTOR 


MOTORS 


12.9 
Poet 
14.5 
L5e3 
16.9 
ioe 
19.3 
20.9 
2e.9 
24.1 
25.0 
27.4 
29.0 
30.6 
33.0 
35.4 
37.0 
38.7 
41.9 
43.5 
46.4 
48.3 
51-6 
54.0 
56.4 
60.4 
63.7 
66.9 
10-9 
Te wyl, 
79.0 


TABLE I1.6 


(10° mwh ) 
HEATING LIGHTING 
Loy Ses 
t.9 ena 
2.0 10.4 
PR sp 11.0 
233 dee: 
Pp 12.6 
2.6 13.6 
2.8 14.3 
Zee 14.9 
Ses 16.2 
3.4 16.9 
375 17.8 
3.8 18.8 
4.0 20.1 
4.3 21.4 
4.5 220 
4.8 24.0 
2 | 25.3 
5.4 26.6 
5.7 28.6 
Vee 29.9 
8.2 315 
Ve 33 lh 
Tee 35 el 
9.4 3720 
oCo 39.0 
LO. 40.9 
1.2 43.5 
fh lee 45.5 
14.0 48.1 
16.8 | 9073 


=) a= 


OTHER 


TOTAL 


24.0 
26.4 
28.8 
30.4 
33.6 
39 a2 
36.8 
40.0 
41.6 
44.8 
48.0 
5122 
54.4 
5726 
61.6 
65.6 
69.6 
7 SiO 
78.4 
Baa 
89.6 
94.4 
99R2 
104.0 
110.4 
116.8 
La 342 
L322 
13-726 
147.2 
156.78 


ESTIMATED END USE OF ELECTRICITY IN THE INDUSTRIAL SECTOR 


TABLE II.7 


(10° mwh) 
YEAR MOTORS HEATING LIGHTING OTHER TOTAL 
1977 29.3 5.6 3 0 38.5 
1978 31.2 5.8 3.8 0 40.8 
1979 32.7 6.4 0 432 
1980 35.3 6.6 : 0 46.3 
1981 37.7 Tet ' 0 49.5 
1982 40.8 7.6 5.0 0 53.4 
1983 43.1 8.1 5.3 0 56.5 
1984 46.0 8.7 5.7 0 Gia? 
1985 49.5 9.2 5.9 0.1 64.4 
1986 51.9 9.8 6.3 ae 69.1 
1987 54.3 10.5 6.8 ae! 72a 
1988 58.2 11:2 Vt 1.9 78.5 
1989 62.2 12.0 7.6 ee 83.3 
1990 66.2 12.8 8.1 0.9 88.0 
1991 70.2 13 8.5 1.9 94.3 
1992 75.0 14.5 9.1 0.4 99.0 
1993 79.0 15.6 9.7 2.5 106.8 
1994 84.6 16.6 10.3 1.6 113.4 
1995 89.4 17.6 11.0 14 119.4 
1996 94.2 18.4 11.46 3 cal 12s 
1997 100.6 19.47 12.5 23 135.1 
1998 105.4 2130 13.2 3.4 143.0 
1999 bine: 222 13.9 3.0 150.8 
2000 118.1 23.3 14.8 Ay 160.3 
2001 124.5 24.7 15.5 5.0 169.7 
2002 130.9 26.3 16.5 7.0 180.7 
2003 138.9 27.4 17.5 7.9 191.7 
2004 146.9 29.4 18.6 ee 20208 
2005 154.9 31.2 19.8 9.4 215 38 
2006 164.4 33.5 20.9 1348 232.6 
2007 175.6 36.3 22.9 et 249.9 


3. THE END USE OF ELECTRICITY: ENERGY AND POWER 


This discussion so far has been concerned with forecasting the 
electrical energy requirements for specific end uses that are 
implied by Ontario Hydro's load forecast. Another character- 
istic of these end use requirements that is extremely import- 
ant in energy planning is the daily, monthly, seasonal and 
annual load pattern. The degree of variation in the demand 
for electricity influences the best mix of different types of 
generating technologies since it is far easier and less costly 
to provide energy in amounts which fluctuate significantly 
over relatively brief periods by some means rather than others. 
According to Ontario Hydro, nuclear energy is presently the 
cheapest means of supplying unchanging amounts of base load. 
The various types of fossil-fuelled plants and hydro plants are 
brought in as needed to meet energy demands in excess of the 


base load. 


The demand for energy varies over time and a useful distinction 
may be made between the average load and the peak load in any 
specific time period. The peak load is the highest instantaneous 
delivery of power in the period, though it is usually measured 
in terms of the greatest amount of energy demanded in any 20 
Minute period eee The load factor is defined as the ratio of 
the average load to the peak load and is usually expressed as a 


percentage. 
The importance of this distinction between peak load, a measure 


of power, and average load (per hour), a measure of energy, is 


that it is the peak load of the system rather than the average 


=20= 


system load which governs the amount of installed capacity 
that electrical utilities must have if they are to avoid 


shortfalls in electricity supply. 


Consequently alternative means of meeting the same end uses 
will permit reductions in capacity only to the extent that 
they affect the coincident peak demand for electricity. 
This may be done merely by inducing a change in the time 
that electricity is used so that the total use of electrical 
energy is unaffected, and hence, end uses measured over the 
year are maintained. This is known as load management and 


its scope for Ontario is considered in Chapter V. 


All other means of maintaining the same end uses while 
curtailing Ontario Hydro's generation program, tend to 

affect the coincident peak demand for electricity somewhat 
indirectly. Much depends on the particular end use. For 
example, the substitution of solar water heating for elec- 
trical water heating removes a requirement for electrical 
energy that extends unevenly throughout the year. Given 

that the system peak demand for electricity occurs in 

Ontario in the midst of winter, a reduction in the demand for 
electrical energy used in the summer for heating water is of 
very little consequence for the rate of expansion of gener- 
ating capacity. Reduction in the system peak demand is there- 
fore critical. Although solar water heating offers year- 
round savings in electrical energy use, the important consider- 


ation is its contribution to reducing peak demand. 


The lack of any official forecast of the end uses of elec- 


tricity in Ontario is accompanied by a lack of an offical 


a) Hoc 


forecast of the contribution that each end use of elec- 
tricity is expected to make to the coincident peak demand 
for electricity. In the absence of such a forecast it 
has been assumed in this study, unless otherwise stated, 
that the annual load factor associated with the demand 
for electricity for each of the end uses identified ear- 
lier based on historical data, will not change in the 


future. 


This assumption makes it possible to transform an estimate 
of electrical energy savings, attributable to any of the 
measures considered subsequently, into an estimate of the 


(8) 


reduction in coincident peak demand A 
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FOOTNOTES: 


American Institute of Physics, Conference Proceedings 


No. 25, Efficient Use of Energy, LOTS aC Ly) 


American Institute of Physics, Efficient Use of 
Energy, 1975, (1) 


B. Commoner, The Poverty of Power, 1976 (7) 


G. Winstanley, Energy Analysis: Methods, Uses, 
Implications, 1976 (60) 


Those people consulted were associated with the follow- 
ing organizations: the Ontario Ministry of Energy, the 
Ontario Ministry of Treasury, Economics and Intergovern- 
mental Affairs, Energy Probe, York University (2)- the 
Royal Commission on Electric Power Planning (2). The 
employee of Ontario Hydro who was invited to participate, 
declined. 


Unfortunately it was not possible to arrange a face-to-face 
meeting among the respondents, though it might have been 
helpful to do so. It is worth noting that several of them 
expressed difficulty in accepting Ontario Hydro's load 
forecast as reasonable. 


For example, 5,000 mwh delivered in twenty minutes repres- 
sents a peak load of 15,000 mw. 


Load management will tend to change the system load factor. 
However, this adjustment yields figures directly of power 
reduction and is assumed not to affect the power-from- 
energy calculation. 
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CHAPTER III 


FINANCIAL SAVINGS FROM POSTPONING THE INTRODUCTION OF 
LARGE CENTRAL GENERATING FACILITIES BEYOND 1987 


I. INTRODUCTION 


This chapter examines the financial savings that can be ob- 
tained by eliminating from Ontario Hydro's generation program 
all units of the first four large generating stations, planned 
to begin service from July 1987 to January 1993. All of these 
stations are in Ontario Hydro's East System program. In 
accordance with the wishes of the Commission, consequences of 
eliminating the two 200 mw units from the West System program 
with planned in-service dates in 1987 and 1989 are not consid- 


ered because of their relatively small size. 


The cost savings which are estimated fall into three major 
categories: capital costs, including interest on borrowed 
funds; operating and maintenance costs; fuel costs. In add- 
ition,elimination of nuclear plants affects the time at which 
new or expanded heavy water production facilities must be 
brought into service. This factor is accounted for in the 
capital cost estimates contained in this chapter. Elimination 
of generating stations from the system expansion plan would 
also reduce the requirements for additional transformer 


stations, transmission and distribution facilities. 
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These savings have not been estimated since they depend 
critically on plant locations, which have not been de ter- 
mined for plants to be built after Darlington G.S. This 
omission from the capital cost savings could be quite 
substantial. Ontario Hydro reports that the cost of 
installing transmission towers ranges from $300,000 - 
$493,000 per mile for 230 kw double circuit lines, depend- 
ing on the type of tower, and from $600,000 - $1,000 ,000 
for 500 kw double circuit ggegd elke As a rough guide, an 
Ontario Hydro employee suggested that transformer station, 
transmission and distribution costs are one third the 
costs of generation stations. Furthermore, savings from 
reductions in reserve capacity and reduced decommissioning 
costs following the deletion of one or more large generat- 
ing stations from Ontario Hydro's generation plan have not 


been estimated owing to the lack of information. 


In sections 2, 3 and 4 of this chapter, the various assump- 
tions necessary for estimating the cost savings are 
explained in detail. Section 5 describes the estimates of 
the cost savings as displayed in a series of accompanying 


tables. 


(de ESTIMATED CAPITAL COSTS OF ONTARIO HYDRO'S GENERATION 
PROGRAM LRF 48A AND CAPITAL SAVINGS ACHIEVED BY 
ELIMINATING STATIONS FROM THIS PROGRAM 


As of writing, Ontario Hydro's current generation expansion 


program is LRF 48A. A copy of this program appears as 


pe Le 


Appendix B to this report. The program deals separately 
with the East and West systems, specifies the in-service 
date for each unit in the multi-unit stations that are 
planned, states whether the station will be nuclear or 


fossil (i.e. coal), gives the capacity of each unit. 


The estimated annual capital expenditures associated with 
LRF 48A in current dollars are shown in figure III.1. 
Figure III.1. also shows the effect on these annual cap- 
ital expenditures of deleting from one to four of the 
East system stations that are planned to follow Darlington 
G.S. These estimates, which were all prepared by Ontario 
Hydro, include reductions in the capital expenditures of 
the heavy water: program which complements the nuclear 


component of LRF 48A. 


It is apparent from figure III.1. that the reduction in 
capital expenditures is substantially greater for the del- 
etion of a nuclear station than for a fossil station. This 


reflects the much greater capital costs of nuclear stations. 


Figure III.1. is based on the assumption that stations are 
eliminated entirely rather than postponed. This is why, 
in each case, the annual capital expenditures eventually 


return to the level estimated for LRF 48A. 


However, it is more likely that stations would neither be 
simply eliminated nor postponed in response to increased 
energy conservation and the development of alternative 


energy supplies. The lasting impact of these measures 
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would be the resumption of capacity expansion by Ontario 
Hydro at a lower rate than that of LRF 48A. This could 
mean that smaller stations than the East system program 
presently includes would be required when additional 
Capacity becomes necessary. A consideration of this 
interesting possibility was beyond the scope of the pres- 
ent study and the elimination of stations rather than 
their postponement was assumed to simplify the cost comp- 


utations. 


3. ESTIMATED OPERATION AND MAINTENANCE COST SAVINGS 
RESULTING FROM THE ELIMINATION OF NUCLEAR AND COAL- 
FIRED STATIONS 


Whereas the elimination of a plant offers capital savings 
that extend over a decade, savings for operation and main- 
tenance last the lifetime of the plant, some 30 years or 
more. Estimated annual operation and maintenance costs 
have been published by Ontario Ryan ce? ; The graph, a 
copy of which appears as Appendix C to this report, Sern 


terms of 1985 dolar o and should be used by multiply- 


4 
ing the cost figure by the appropriate unit izes My 


By adopting this procedure estimates of operation and 
maintenance costs for the four stations (to follow 
Darlington G.S.) were obtained and are shown in table 


se Gi aoa 
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ESTIMATED ANNUAL OPERATION AND MAINTENANCE 
COSTS (1985 DOLLARS) OF CANDU NUCLEAR AND 
COAL FIRED PLANTS 


PLANT in UNIT SIZE OPERATION AND MAINTENANCE 
LRF 48A TYPE (mw) COST ($/kw) 

E15 Nuclear 516 $20.00 

E16 Nuclear 850 2250 

El7 Coal 750 10.00 

E18 Coal 750 10.00 
1A, Each of the plants consist of 4 units of the stated size. 
Source: Ontario Hydro, Generation - Technical, Figure 2.1 


8-2. (40) 
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These figures were used to estimate the operation and 
maintenance cost savings achieved by eliminating plants 
from LRF 48A. The savings were estimated in terms of 
current dollars for direct comparability with the capital 
cost savings described in section 2. Ontario Hydro's 


(5). 


escalation factors were used for this purpose 


4. FUEL COSTS FOR NUCLEAR AND COAL-FIRED PLANTS 


The estimated cost of fuel for generating electricity in 
a CANDU unit of at least 500 mw using a 37 element fuel 


bundle is isda This compares with a cost of 


$10.5 per mwh for coal-fired plants, 500 mw and topeers 


Both figures are in 1976 dollars. 


In order to estimate the fuel costs that will be avoided 
with the elimination of additional stations from Ontario 
Hydro's generation program, assumptions were made regard- 


ing: 


i) the amount of energy that each plant would have 
produced; 
ii) the future price of fuels; 
iii) adjustments, if any, in the operation of the 
existing plants if new capacity is not intro- 


duced. 


In the case of the nuclear plants E15 and El6, a capacity 


factor of 75% was dee eal? | Ontario Hydro's fuel escal- 


(9) 


ation factors were used to estimate future fuel costs 
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It was assumed that there would be no adjustment in stne 
operations at existing plants in the event that E15 and/ 
or El6 are not built. Since these stations are intended 
to provide base load power, their elimination would mean 
that ways of reducing base load demand or finding 
alternative base load energy supplies would have to be 


found. 


Regarding the future price of fuels, it is worth noting 
that the escalation factors that Ontario Hydro prepares 
for forecasting these futyre costs are developed 

in detail for a ten year period, after which a single 
value is projected for all succeeding years. In the case 
of both coal and uranium, the annual rate of escalation 
forecast for the eleventh year onward is less than the 
average rate of the first ten years. With respect to 
coal, this difference is not very great, but for uranium 
the annual escalation rate forecast from the eleventh 
year is less than half the average rate of the ten pre- 


ceeding years. 


In comparison with other long-range forecasts of fuel 
availability and price, the Ontario Hydro forecasts may, 


oe Consequently, 


therefore, be on the optimistic side 
by using Ontario Hydro's escalation factors, particularly 
in the period following the next decade, the savings 

obtained from curtailing the expansion program, estimated 


in this study, may well be too low. 


One of the features of LRF 48A is especially significant 


to the estimate of the fuel costs saved by not building 
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the coal-fired plants E17 and E18. Over the duration 
of the program, the fossil plants become increasingly 
used for supplying peak load power rather than base 
load power, and for providing reserve capacity for the 
system. For this reason, Ontario Hydro does not expect 
the increase in coal-fired capacity resulting from the 
construction of E17 and E18 to increase the amount of 
coal used annually for generating 4 AT pe: The 
15.5 million tons of U.S. equivalent coal forecast for 
consumption in 1986 is equal to the projected annual 
average consumption for the succeeding eleven years. 
What is expected to change is the pattern of useage of 
this coal, as it is used increasingly to satisfy peak 


demand. 


For the present study, an important implication of these 
plans is that the elimination of E17 and E18 will 

not result in any fuel savings, if it is assumed that 

the coal-fired stations existing in 1986 will continue 
to be operated, as they will be in 1986, throughout the 
time period that follows. On the assumption, therefore, 
that adjustments will be made in the operation of Ontario 
Hydro's coal-fired capacity in the absence of El7 and E18, 
the consumption of coal will not be affected by their 
elimination from the expansion Breerame The only 
difference, an important one from a system planning point 
of view, is that if E17 and E18 are not built, Ontario 
Hydro will be less able to supply the peak demand that is 


projected. Therefore, the alternative cnergy measures must 


be able to compensate. 
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The assumptions described in this section underlie the 
fuel use forecasts and estimated savings to be obtained 
from eliminating stations E15, E16, El/7 and E18, that 
are recorded in tables III.1 to III.5 in section 5. 


5. ESTIMATED CAPITAL OPERATION, MAINTENANCE AND FUEL 
COST SAVINGS 


The previous sections detailed the assumptions which were 
the basis for estimating cost savings resulting from 
eliminating plants from LRF 48A. This section outlines 


the estimates. 


Tables III.2 to III.5 show the estimated savings that would 
be achieved by the elimination of stations E15 to E18 
respectively. Table III.6 is a summary of the savings that 
would result from the successive elimination of these four 


stations. 


All tables span the period 1980-2007. 1980 is the first 
year in which there would be any saving from the elimina- 
tion of plants after Darlington G.S.: $4 m of capital 
costs for E15. 2007 is the last year for which Ontario 
Hydro has published a load forecast. On the assumption 
that all of the plants would have an operational life of 
30 years or ea SIN a decision not to build any or all 


of them would also bring savings beyond the year 2007, 


but these have not been estimated. 


ek 


Tables III.2 ~ III.5 display the considerable costs of 
constructing and operating particular stations. The 
costs show a similar pattern for each station: capital 
costs begin from 5 to 7 years before any energy is 
forthcoming and from 8 to 10 years before the stations 
are fully in service. These capital costs rise toa 
peak and are in decline by the time the first unit is 
operating. As the units of each station come into ser- 
vice, operation and maintenance costs commence, as do 
fuel costs for the nuclear plants. (It has been assumed 
that the fuel costs for the fossil stations are matched 
by reductions in the fuel costs of other fossil plants 


and so no fuel costs have been attributed to E17 and E18.) 


The same general pattern of costs appears in table III.6, 
which shows the combined costs of eliminating successive 
plants from Ontario Hydro's expansion program. The last 
colum, for example, shows that the annual cost savings 
from eliminating all four plants rises from $4 million in 
1980 to over $2 billion in 1987. They decline somewhat 
after that as the construction of all four stations is 
completed but rise again, at least in terms of current 
dollars, until the annual savings achieved by avoiding 
operation, maintenance and fuelling costs approaches the 


$1 billion level. 


To avoid giving a misleading impression of exact figures, 


all of the dollar values in the tables are rounded to the 
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(EAR 


2902 


2003 


2904 


2005 


2006 


2007 


OM awnh er 


TABLE I11.2 


ESTIMATED ANNUAL CAPITAL, OPERATION, MAINTENANCE AND FUEL COSTS 


ASSOCIATED WITH E15 (4 X 516 mw CANDU), 1980 - 2007 


UNITS ENERGY 


in servrcel OUTPUT (GwH)* 

0 ) 

) f) 

0 0 

f) 0 

0 ) 

0 Kari 

) ) 

.5 1,695 
1.25 4,238 
3.25 11,018 
4.0 13,560 
4.0 13,560 
4.0 13,560 
4.0 13,560 
4.0 13,560 
4.0 13,560 
4.0 13,560 
4.0 13,560 
4.0 13,560 
4.0 13,560 
4.0 13,560 
4.0 13,560 
4.0 13,560 
4.0 13,560 
4.0 13,560 
4.0 13,560 
4.0 13,560 
4.0 13,560 

LRF 48A 


75% capacity factor assumed 
Ontario Hydro 


CAPITAL COST 
(Current $m)3 


669 


OPERATION AND 
MAINTENANCE COS'T FUEL COST 


(Current $m)4 (Current $m)> 
0 0) 
0 0) 
0 0 
0 0 
0 0 
0 0 
10) ie} 
6 4 
16 12 
44 40 
57 41 
61 43 
66 do 
70 43 
75 51 
80 54 
85 $7 
el 60 
97 63 
104 67 
Liz 70 
119 74 
127, 78 
135 83 
145 u7 
154 Pe 
165 97 


Based on Fig. 2.1, 8-2 in Generation - Technical by Ontario Uydro (40) 


ontario Hydro 


Ce 


TOTAL COsT 
(Current $m) 


Shue 


ESTIMATED ANNUAL CAPITAL, OPERATION, MAINTENANCE AND FUEL COSTS 


TABLE III.3 


ASSOCIATED WITH E16 (4 x 850 mw CANDU), 1980 - 2007 


OPERATION AND 


YEAR UNITS ENERGY CAPITAL COST MAINTENANCE COST FUEL COST 
IN SERVICE} OUTPUT (GwH)? (Current $m) (Current $m)4 (Current $m) 
1980 fe) 0) 0 0 0) 
1981 0) (0) 39 fo) 0 
1982 9 0 151 0 0 
1983 0 0 234 fo) 0 
1384 (e) ie) 381 fe) fe) 
1985 9) fo) 593 0 O 
1926 9 fe) 902 0 0 
1937 ) () 903 0 é 
1983 Bag 2,792 720 6 8 
1949 Ve2s 6,981 457 519) 20 
1999 3.25 18,150 ; 91 48 56 
Lagl 4.9 22,338 1 63 72 
1992 4.0 22,338 ) 67 76 
1993 4.9 22,338 0 72 80 
1994 4.9 22,338 0 sha 84 
1995 4.0 22,338 0 82 89 
1996 4.0 22,338 ce) 88 94 
1997 4.0 22,338 fe) 94 99 
1992 4.9 22,338 0 100 104 
ya99 4.9 22,338 19) 107 llo 
2049 4.0 22,338 0) 114 116 
299) 4.9 22,338 9 122 122 
Z00Z 4.0 22,338 ve) 130 129 
2093 4.9 22,338 0) 139 130 
2904 4.9 22,338 (0) 149 Lad 
L405 4.9 22,338 ny) 159 152 
2006 4.9 22,338 0) 170 160 
2007 4.9 22,338 0) Lal 169 
l. LPF 4A 
Zs 7°% capacity factor assumed 
a Cntario Hydro f 
4. Based on Fig. 2.1, &2 in Generation - Technical by Ontario Hydro (40) 


Ontario Hydro 


365 


TOTAL COST 
(Current $m) 


593 


902 


TABLE III.4 


ESTIMATED ANNUAL CAPITAL, OPERATION AND MAINTENANCE COSTS 


ASSOCIATED WITH E17 (4 x 750 mw COAL FIRED), 1980 - 2007! 
UNITS IN CAPITAL COST OPERATION AND MAINTENTANCE TOTAL COST 
YEAR SERVICE 2 (Current $m)3 CosT (Current $m)4 (Current $m) 
a gr een eg a ee ea re oo ee 
1980 ) fe) 0 0 
1981 0 fe) ie) (0) 
1982 0 0 0 fe) 
1983 .¢) 27 0 27 
1984 0 99 ) 99 
1985 ie) 145 fe) 145 
1986 0 247 a) 247 
1987 0 386 0 386 
1988 0) 440 fe) 440 
1989 125 307 12 319 
1990 2.5 145 26 171 
1991 ne TE) 25 41 66 
1992 4.0 0 47 47 
1993 4.0 0 50 50 
1994 4.9 ) 53 53 
1995 4.0 0 57 57 
1996 4.0 (0) 60 60 
1997 4.0 fe) 64 64 
1998 4.0 0 68 68 
1999 4.0 0 Ue v/s) 
2000 4.0 (0) 78 78 
2001 4.0 ie) 82 82 
2002 4.0 0 88 BS 
2003 4.0 0 94 94 
2004 4.0 0 100 100 
2005 4.0 0 107 107 
2006 4.0 0) 114 lla 
2007 4.0 10) 12L lel 
ite Energy output and fuel costs are omitted since E17 is not expected to make a net 


contribution to the total energy supplied and coal consumed by Ontario Hydro's 
fossil plante. See text for a further explanation. 


7 he LRF 468A 
ae Ontario Hydro 
4. Based on Fig. 2.1, 82 in Generation - Technical by Ontario Hydro (40) 


Bey 


TABLE III.5 


ESTIMATED ANNUAL CAPITAL, OPERATION AND MAINTENANCE COSTS 
ASSOCIATED WITH E18 (4 x 750 mw COAL FIRED), 1980 - 2007! 


YEAR UNITS IN CAPITAL COST OPERATION AND MAINTENANCE TOTAL COST 
SERVICE? (Current $m) 3 COST (Current $m)4 (Current $m) 
2 3 4 
oe Ee ee ea ee 
1980 fo) 0 0 0) 
1981 te) 0 0 0 
1982 0 fe) fe) (e) 
1983 io) fe) 0 (0) 
1984 0 is) fo) 0 
1985 0 51 to) 51 
1986 QO 123 fe) 123 
1987 0 178 co) 178 
1988 ce) 302 0 302 
1989 fo) 451 Q 451 
1990 25 454 3 457 
1991 1.5 295 16 311 
1992 2.75 121 32 153 
1993 4.0 9 50 59 
1994 4.0 0 53 53 
1995 4.0 0 57 57 
1996 4.0 0) 60 60 
1997 4.0 0 64 64 
1998 4.0 0 68 68 
1999 4.0 fe) 73 73 
2900 4.0 0 78 78 
2001 4.0 0 82 82 
2002 4.0 0 88 88 
2003 4.0 0 94 94 
2004 . 4.0 0 100 100 
2005 4.0 0 107 107 
2096 4.0 fe) 116 1l4 
2007 4.0 ce) 121 121 
as Energy output and fuel costs are omitted since £18 ia not expected to make a net 


contribution to the total energy supplied and coal consumed by Ontario Hydro's 
fossil plants. See text for a further explanation. 


Ze LRF 48A 
oN Ontario Hydro 
4. Based on Fig. 2.1, 8-2 in Generation - Technical by Ontario Hydro (40) 


See 


YEAR 


TABLE III.6 


ESTIMATED ANNUAL SAVINGS FROM ELIMINATING SUCCESSIVE PLANTS 


AFTER DARLINGTON G.S., 1980 - 200/ 


193 


278 


LRF 48A 
- (E15 + E16) 


398 


592 


628 


LRF 48A 
- (£15 + E16 + E17) 


408 


Summation of total costs from tables Tis Ls. 4. 
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] 


LRF 48A 
= (E1S + E16 + E17 + E18) 


500 


567 


601 


640 


681 


725 


771 


820 


870 


nearest million. Also the values are in current dollars 
rather than constant dollars primarily because most of 
the data obtained from Ontario Hydro were provided in 
current dollars. Ontario Hydro's forecasted escalation 
factors have been used to generate the current dollar 
figures wherever the data were not already supplied by 


Ontario Hydro in that form. 


In the next chapters, the streams of costs recorded in 
table III.6 are used to determine the cost competitiveness 
of a variety of measures which, suitably combined, may be 
capable of replacing some of the proposed generating 
stations in LRF 48A without any loss in services to the 


people of Ontario. 
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FOOTNOTES : 


10. 


Li. 


Errata Sheet for Planning of the Ontario Hydro 
East System Report No. 5733P - Part 1, Ontario 


Hydro, 1976. (42) 


Ontario Hydro, Submission to the Royal Commission 
on Electric Power Planning, Generation - Technical, 
Vol. 1., 1976 Figure 2-1, 8-2 (40 ) 


Personal communication from a staff member of the 
Royal Commission. 


In a personal communication an employee of Ontario 
Hydro stated that the estimates are for CANDU and 
coal-fired stations operating at an annual capacity 
factor of 20-80%. 


Ontario Hydro Economic Forecasting Services, 
November 1976. ( 25 ) 


On the advice of Ontario Hydro, for nuclear stations 
these escalation factors were applied with weights 
of 88% for labour and 12% for materials, and for 
coal stations, weights of 70% for labour and 30% for 
materials were used. 


Personal communication from Ontario Hydro. 


Generation - Technical ( 40 ) p.2.1-79 gives a 


figure of $10.26 per mwh in $1975. This figure was 
raised by 2.46% to account for the increase in the 
price of the U.S. coal from 1975 to 1976, according 
to information provided by Ontario Hydro. 


Personal communication from Ontario Hydro 


Economic Forecasting Series, Ontario Hydro, November 
1976. ( 25) 


See, for example, Energy Global Prospects 1985-2000 
C.L. Wilson (ed.), 1977 (59) 


Personal communication from Ontario Hydro, 19/7/77, 


AT 


a2. 


13. 


To the extent that adjustments would not be made, 
implying quite reasonably that the existing coal- 
fired plants will only be used for peaking with 
or without E17 and E18, this assumption leads to 
an underestimate of the total fuel savings. 


Ontario Hydro Generation - Technical, p.2.1 - 67 
(40 ) 
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CHAPTER IV 


A REVIEW OF ALTERNATIVES TO 
BUILDING LARGE GENERATING STATIONS IN ONTARIO 


ls INTRODUCTION 


This Chapter reviews the technical potential and economic cost 
of various measures which might be useful for reducing 
Ontario's dependence on a highly centralized and rapidly ex- 
panding electric generating system. The discussion is based 
entirely on the available literature, occasionally supplemented 
by reference to conversations with experts. Where there are 
significant disagreements in the literature as to technical 
potential and/or economic cost or where there are complete gaps 
in information, judgement has been exercised, génerally ina 


conservative manner. 


The measures considered may be divided into two categories: 
those which supply electricity from sources other than conven- 
tional power stations and those which reduce the demand for 


electricity. 


Supply Measures 


Industrial cogeneration 

Electricity from biomass 

Wind generated electricity 

Electricity from small hydraulic sources 


Interconnections 


A342 


Demand Measures 


Increased insulation of residential buildings 
Improved efficiency of residential appliances 
Energy savings in the commercial sector 
Energy savings in the industrial sector 
Solar space and water heating 

District heating 


Load management 


In this chapter the measures are reviewed independently of one 
another. The task of combining them into a compatible set, 
capable of providing the same services as a varying number of 
displaced generating stations is the topic of the next 


Hacter ae 


a INDUSTRIAL COGENERATION 
Technical Potential 


Industrial cogeneration is the production of electricity 
simultaneously with the production of industrial process 
steam. A study by Leighton and Kidd prepared for the 
Royal Commission on Electric Power pienninge’. assessed 
the technical feasibility and economic costs of industrial 
cogeneration in Ontario. The study also postulated a 
target capacity for Ontario in 1985, at about one half of 
the potential capacity that will be theoretically avail- 
able. Leighton and Kidd estimated the maximum steam 
demands in existing industrial plants, assumed an annual 
growth rate of 5% in steam demands, and combined there with 


assumed steam utilization factors to estimate a potential 


Aha 


cogeneration electrical capacity for 1985 of 2085 mw. This may 
be compared with the estimated cogeneration capacity in Ontario 


ties) Of 500 mw >, 


In order to examine the implications of Leighton and Kidd's 
assumptions for the years beyond 1985, identical assumptions 
were used in the present study to estimate the potential cogen- 
eration capacity for each year up to 2007. These estimates are 
shown in the last two columns of table Iv.1. The table also 
shows the estimated maximum steam demand (MSD) in the three sub- 
categories identified by Leighton and Kidd, (MSD>500,000 lbs/hr; 
500,000 lbs/hr >MSD< 100,000 lbs/hr; MSD¢100,000 lbs/hr). 


For the years of greatest relevance to this study, 1987-1993, 

the estimated total potential capacity from industrial by-product 
power increases from 2377 mw to 3445 mw. Leighton and Kidd cite 
a capacity factor of 80% for cogeneration facilities, recognizing 
that about one half of the plants would be net exporters to the 
Ontario Hydro grid, matched by the other half which would be net 


importers. 


The following equations, which are a generalization of Leighton 


and Kidd's methodology, were used to generate the estimates of 


table IV.1. 
MSD = MSD* (15+ K) | (1) 
r ah 

2 2 

Mi = (MSD ~ x US x 60) (2) 
z af 2 2: 

MA = “Ma + ; (MSDS CEI OS art) (U, x 60)) (3) 
(baru) 


TABLE IV.1 


POTENTIAL POWER FROM COGENERATION 


TOTAL POWER 


1 500,900 ldbs/hr NEW POWER CUMULATIVE 
MSD > >MSD> MSD< ONS ‘TRE AM FROM 1977 
YEAR 500,000 lbs/hr MW 100,000 lbs/hr Mw 100,000 lbs/hr MW (mw ) (Mw ) 
ee SC EES oe ea os ee eae 
19777 17.90 80S 11.43 274 14.20 35 Lies 
ee eS ee SS 
1985 ° 26.45 1318 16.89 519 20.98 248 921 2085 
1986 AIST 1397 sly (eam Ae S57 22.03 273 142 2287 
1987 29.16 1481 18.62 597 73s ep is) 299 150 2377 
1988 30.62 1568 19.55 639 24.29 Bo Si 2534 
1389 =pigile: 1660 20.52 683 25.50 356 165 2699 
1999 33.75 1756 21.55 729 26.78 387 173 2872 
1991 35.44 1857 22.63 778 28.12 419 Lic 3054 
1992 seed 1964 2g070 828 29.52 453 bod 3245 
1993 39.97 2075 24.94 882 31,00 sau 203 345 
1994 41.03 2193 26.19 938 IPERS) 525 ali JO5o 
1995 43.08 2316 27.50 997 34.17 564 Cpa 3877 
L994 45.23 2445 28.88 1059 35.88 605 232 4109 
1997 47.49 2580 30.37 1124 37.68 648 243 $352 
1994 49.87 2723 31.84 1192 292,56 ood SD 009 
1999 52.3% 2873 33.43 1264 41.54 Tal 269 A878 
2009 54.98 3030 3910 1339 43,62 791 282 Slov 
2001 Sie Uo 3195 36.85 1418 45.30 843 296 5450 
2002 69.62 3368 38.70 1501 48.09 : 898 3LL 5767 
2993 63.65 2550 40.63 1588 50.49 956 SoH v094 
2994 66.83 3741 42.66 1679 53.02 LOL7 I 3 tb 37 
290% 79.17 3941 44.79 1775 55.67 LOO jy v7 
L006 73.68 4152 47.03 1876 58.45 Lla7 9 FL7S 
L907 CS AS 4373 49, 38 1987 OLS 37 WL? 397 aS Te 
Le MSD = maximum steam demand (lbs/hr) 

2. Potential for 1977 estimated by Leighton & Kidd (about 40% of the estimated theoretical maximum) (22) 

he Target potential estimated by Leighton & Kidd (about 48% of the estimated theoretical maximum) (22) 
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where: 


z ; ; ; 
MSD = maximum steam demands reported via a questionnair 


category i 


(i= 1; sp? > 500,000 lbs/hr 


; 2 
i= 2; 500,000 lbs/hr > MSD > 100,000 lbs/hr 
3; 100,000 lbs/hr > MSD>) 


i= 
MsD* = estimated maximum steam demands in the base year (1977) 
MW = potential electrical capacity of cogeneration in the 
base year 
Us = assumed steam utilization factor for category i in the 


yeat t. i.e. % of steam demand utilized for cogeneration 


Equation (1) states that the potential electrical capacity in 

1977 in category i of maximum steam demands is equal to the 
reported maximum steam demand plus a prorated portion (K) of the 
estimated steam demands of plants for which no completed question- 


naire was received. 


Equation (2) states that the potential electrical capacity in 1977 
is equal to the estimated maximum steam demand in each category 
multiplied by an assumed potential steam utilization factor in 
each category multiplied by an assumed installed capacity of 60 kw 


per 1000/lbs/hr of maximum steam demand. 


Equation (3) states that the potential electrical capacity in any 
year after 1977 is equal to the potential electrical cavacity for 
1977 plus the estimated maximum steam demand for that year 
(assumed to grow at 5% per annum from 1977 onwards) multiplied by 
the assumed utilization factor for the year, multiplied by the 


assumed installed capacity of 60 kw per 1000 lbs/hr of maximum 


=A7= 


steam demand. Table IV.2 shows the steam utilization factors 


assumed for the purpose of these estimates. 


TABLE IV.2 


ASSUMED STEAM UTILIZATION FACTORS 


YEAR MSD > 500,000 lbs/hr MSD < 
500,000 lbs/hr > XMSD / > 100,000 lbs/hr 
100,000 lbs/hr 


1977 (U.) 75% 40% 10% 

1978 and (0) 100% 75% 40% 
beyond 

psy "Nes 0) © ket Rela ain a rT 
Source: Leighton and Kidd, Industrial By-Product Power (22) 


In assessing the accuracy of the estimates shown in table IV.1, a 


number of considerations are relevant. 


i) On a pro-rata basis, Leighton and Kidd calculated that the 
62 plants for which no report was received account for a 
maximum steam demand of 11,380,000 ipeyhwee Only one 
half of this amount was actually used in estimating the 


maximum steam demands in De hy a Ae 


cane 


it) The assumed utilization rates for existing and future 
plants shown in table IV.2 imply an estimated potential 
for by-product power that is less than 45% of the 
theoretical potential in 1977, rising to 50% in 1985, 
and reaching 62% by 1995. This suggests a generous 
margin to allow for situations where the generation of 


by-product power is impractical. 


111i) The assumed 5% annual growth rate of steam demands must 
be interpreted as the growth net of decommissioning old 
plants. Growth in industrial steam demands is likely 
to be biased toward larger plants for which a greater 
utilization rate has been assumed. However, this factor, 
which would tend to increase the potential for by-product 
power, has been omitted from the projection since it has 
been assumed that each of the three categories of steam 


demands will grow at the same annual rate. 


In view of these considerations, the estimated potential for by- 
product power shown in table IV.1 may be regarded as reasonable 
and not particularly optimistic. Moreover, as will become clear 
in the next chapter, the rate of implementation of cogeneration 
assumed by Leighton and Kidd between 1977 and 1985 is much faster 
than is required to achieve the goals of the present study, i.e. 
to provide substitutes for Ontario Hydro's proposed expansion 
after Darlington G.S. In the next chapter a cogeneration imple- 
mentation program is developed that is consistent with the estim- 
ates of potential capacity developed in this chapter, and brings 
the capacity on-stream during the first part of the 1980s so that 


it is in place by 1987. 


=49~ 


Economic Costs 


Leighton and Kidd have estimated the costs of industrial 
ea ron ee Figure IV.1 shows the estimates of 

the capital costs of new steam plants installed with turbine 
generation. Costs included are for construction, equipment, 
engineering, administration and interest. The upper curve 
shows the costs incurred if steam is raised only for process 
heat without any provision for by-product power. The lower 


curve shows the incremental costs incurred for cogeneration. 


In the case of retrofitting existing steam plants, much 
depends on the degree of adjustment that must be made to the 
steam facilities. Some plants, in which provision has been 
made for retrofitting, will have costs lower than the lower 
curve in figure IV.1. Costs will be much higher than this, 
possibly as high as the upper curve, if the steam plant 


must be replaced prematurely. 


Estimates of cogeneration captial costs in four categories of 
expenditure are shown in table IV.3. The first two categories, 
new plant and existing plant, are self explanatory and 
correspond exactly to Leighton and Kidd's classification. The 
third category refers to a new plant whichis installed and for 
which expenditures can be incurred in preparation for retro- 
fitting electrical generation facilities at some future date. 
These costs are assumed to be 15% of the costs of the new 


6 ; aR ¢ 
plant ie The estimated cost of retrofitting this prepared 
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INSTALLED COSTS ($/kw in 1977) 


FIGURE IV.1 


ESTIMATED COSTS OF COGENERATION 


1000 -® 
. STEAM PLANT 
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X\ 
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XQ COST OF STEAM 
400 NS 
> 
— ee, 
Bie, 
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200 
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0 ion, Lt. Wight pe) SOCAL a Teme oe ee ee Se I 
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STEAM FLOW (10° Ibs/hr) 
po bt dp tf 
5 10 he 20 25 30 So 40 
GENERATING CAPACITY mw 
Source: Leighton and Kidd, Report on Industrial By-Product Power (22) 
Rha 


TABLE IV.3 


CAPITAL COSTS FOR COGENERATION 
($/kw in 1977) 


SIZE OF STEAM PLANT - (MSD lbs/hr) 


Expenditure Category ——_———$—$— ———————————————————'_— ah oor 
500,000 300 ,000 50 ,000 

New Plant 300 340 600 

Existing Plant 540 600 920 

Preparing 45 Si 90 

New Plant 

Retrofitting 255 289 510 

Prepared Plant 

Ll; These sizes are taken as representative of the three 


categories identified earlier. 


SOURCE: Figure IV.l1. N.B. this figure is for 1976 conditions. No 
specific adjustment has been made for table IV,3 to correct 
the data to 1977 dollars. 


S5OG 


capacity is the fourth category of expenditure and is equal to 
the estimated costs for a new plant given in the first row, 


minus the costs incurred for preparing for retrofitting. 


The operation, maintenance and fuel costs, plus Ontario Hydro's 
standby charge, given by Leighton and Kidd and used herc, are 


shown in table IV.4. 


The data in tables IV.3 and IV.4 are used as the basis for 
estimating the costs of implementing the cogeneration plan that 


is developed in the next chapter. 


3. THE GENERATION OF ELECTRICITY FROM BIOMASS 
Technical Potential 


There are two major sources of biomass in Ontario that could be 
used as fuel for generating electricity: forest industry wastes, 
and municipal sold wastes. In addition, there is the possibility 
of using dedicated forest and agricultural biomass and agricult- 
ural maces The available information about each of these sources 
is very inadequate and the estimates described in this section 


should be interpreted accordingly. 


It is recognized that there are several potential competitors for 
the use of biomass. The production of methanol as a supplement 
to, or replacement for, gasoline is the major one. Consequently, 
although it might be technically feasible to use all of the 
collectable biomass for generating electricity, it would be un- 


reasonable to base the estimates of technical potential 


a 


TABLE IV.4 


OPERATION, MAINTENANCE, FUEL AND 
OTHER COSTS FOR COGENERATION 
1 KW OF INSTALLED CAPACITY 


(1977 Dollars) 


Operation and Maintenance 


Ontario Hydro Standby Charge 


ie Leighton & Kidd use $1.50 per Btu for 
fuel costs, and 4700 Btu/kwh as the 
additional heat requirements for by- 
product electricity. The fuel cost 
figure in the table assumes an 80% 
capacity factor. 


SOURCE: Leighton & Kidd, p.18 (23) 
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on such an assumption. In the present study, therefore, it is 
assumed that only a minor portion of the collectable biomass, 
estimated for the years 1976 and 1985, is available for 


electricity generation. 


Table IV.5 shows tentative estimates of the biomass available 

from various sources, the percentage assumed to be collected and 
the percentage assumed to be diverted to other uses. It also 
shows estimated conversion factors in terms of kwh/ton of biomass, 
and the electrical energy that could have been generated in 1976 
and could be generated in 1985: 5.34 x Og kwh and 8.86 x 107 kwh, 
respectively. Assuming a capacity factor of 70%, these levels of 


energy output correspond to capacity requirements of 870 mw and 


1445 nw. 


One issue that is not made explicit in table IV.5 is whether the 
estimated biomass available for electricity generation in 1985 
would be burned in existing or planned facilities, or in new 

plants specifically designed for using this type of fuel. If it is 
assumed that some of the biomass would be used to replace fossil 
fuels in facilities that will be in place in 1985, the net 


contribution that electricity generated from biomass can make 


might be reduced to an equivalent of 1000 mw. 


In addition to the biomass sources for which estimates are given 
in table Iv.5, fuel could also be obtained from dedicated forest 
and agricultural biomass and possibly from agricultural wastes. 
One report has suggested that by 1985, 25 million oven dried tons 
per year of dedicated forest biomass could be available in Ontario 
If only 25%. of this quantity were to be used for generating 


6 : 
electricity it would produce approximately 10 x 10 mwh/yr, which 
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corresponds, at a 70% capacity factor, to 1630 mw of 
generating capacity. It does not seem unrealistic, there- 
fore, to assume that in 1985 and the years following, 
there will be sufficient biomass available in Ontario to 
provide fuel for at least an additional 750 mw of gener- 


ating capacity. 


Economic Cost 


Several studies cite estimates for the costs of generating 


electricity from biomass. These estimates are summarized 


in Table IV.6. 


TABLE IV.6 


A SUMMARY OF ESTIMATES OF CAPITAL COSTS 
FOR GENERATING ELECTRICITY FROM BIOMASS 


CAPACITY CAPITAL COST 


STUDY mw ($m) YEAR $/kw 
Em Reid Wyeth pre ee Se a re rer 
SNC 25 20 1976 800 
BATTELLE 50 a2 5 1980 850 
JsP.R. 150 126 1978 840 
MITRE dee 75 1976 670 
Sources: See J.P.R. Associates, The Feasibility of Gen- 


erating Electricity in the State of Vermont, August, 1975 (20) 


SNC Consultants Ltd., Hearst Wood Wastes Energy Study, 1976 
(52 ) Mitre Corporation, Conference on Silviculture Biomass 


Plantations, 1977 pp. 6-99 (26 ) Batelle Columbus Labs., 
Comparison of Fossil and Wood Fuels , 1976(3) 
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Allowing for the differences in the value of the dollar (U.S. 
and Canadian) at the various dates, there seems to be general 
agreement about the capital cost of generating electricity 
from biomass. The J.P.R. study stresses the significance of 
economies of scale and selects a 150 mw plant as the largest 
that could be built given the maximum size for which wood 
burning boilers are presently available. Since one or more 
plants of this scale are small enough not to be considered 
large scale generating stations, 150 mw was selected in the 
present study as the size of biomass-fuelled facilities for 
comparison with the much larger stations proposed by Ontario 


Hydro. 


The capital cost of such a 150 mw plant was taken to be $1 80m 
(1985). This figure which amounts to $1200/kw is somewhat less 
than the cost per kw derived by increasing the J.P.R. estimate 
by Ontario Hydro's escalation factors for the construction of 
coal fired plants. However, it does correspond to the 
estimate given by Ontario Hydro for a 150 mw coal fired tenuis 
and the J.P.R. study states that a wood fired plant of this 

(9) 


size should cost about the same as one fuelled by coal = 


Estimates for the costs of operation, maintenance and fuel are 


shown in table IV.7. 


The wide divergence among these costs requires some explanation. 
The very low fuel costs for the Hearst plant (SNC study) are due 
to the fact that wastes from local mill operations would be used 
and only very modest transportation and ash disposal costs would 
be involved. The relatively high operation and maintenance 

costs of the Hearst plant can be attributed in large part to the 


small scale of the plant. 
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TABLE IV.7 


ESTIMATES FOR OPERATION, MAINTENANCE AND FUEL COSTS 
FOR THE GENERATION OF ELECTRICITY FROM BIOMASS 


OPERATION AND 


CAPACITY MAINTENANCE COSTS FUEL COSTS 
STUDY Tw ($000) ($/kw) mills/kwh YEAR 
BATTELLE (3) 50 710 14.2 19.9 1980 
SNC (49) 25 1,105 44.2 eS) 1976 
J.P. R: 150 2,190 14.6 ISA bee, 1978 
MITRE (25) 112 4,704 42 no Iu inyynlars 1976 
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According to the J.P.R. study, the operation and maintenance 
costs for a wood plant would be less than for an equivalent 
sized coal plant but higher than for an oil plant. On this 
basis, operation and maintenance costs in 1985 dollars are 


(10) 


taken, in this study, to be $20/kw a figure which is 


consistent with the estimates made by Battelle and J.P.R. 


The most difficult cost component to estimate is that of fuel. 
Both the Battelle and J.P.R. studies assume that wood will 
have to be purchased at considerable erenen ae This con- 
trasts with the SNC study which estimates that only modest 
transportation costs are involved. The previous section 
indicated that in 1985 there will be sufficient biomass from 
wastes of different kinds in Ontario to support a net add- 
ition to capacity of at least 750 mw. The costs of fuelling 
this amount of capacity will depend on the extent to which 
the various forms of biomass are utilized. This is because, 
as table IV.8 shows, the estimated cost per ton of each type 
of biomass varies significantly. A ton of solid waste has a 
negative cost of $7 (1974 dollars), owing to the savings in 
disposal costs if solid waste is used as fuel. The cost of 

a ton of forest biomass, in each of the forms considered, is 
much higher, reflecting the expected competition from other 


possible uses of these resources. 


To arrive at an estimated fuel cost figure two approaches are 


taken: 


i) the least costly combination of fuel costs, using solid 


waste, mill residues and some forest wastes; 
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TABLE IV.8 


ESTIMATED FUEL COSTS FOR ELECTRICITY 
GENERATED FROM BIOMASS 


BIOMASS SOURCE COST/TON COST/ TON 

IN 1974 IN 19854 
: ; 1 

Mill Residues $20 (ODT) $38 

Forest Wastes (alaenye $27.5 (ODT) $52 

Drosedurrecs” $35.0 (ODT) $66 

Solid Waste” -$ 7.0 (as received) -$13 

ls P.P.R.I. of Canada, Feasibility Study of Production 


of Chemical Feedstock from Wood Waste (47) 


Assumed average of the costs of mill residues and 
unused trees. 


Report of the Solid Waste Task Force to the 
Ontario Minister of the Environment, 1974, Vol. I, 


( 48) 


1974 figures escalated at 6% per year. 
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ii) a fuel cost representing a weighted average of the 


four biomass sources. 


These two approaches give the following estimated fuel costs 


for 1985: 


$.01/kwh 
$.02/kwh 


= least costly combination 


- weighted average 


In the cost comparison between electricity generated from 
biomass and coal discussed in Chapter V, a fuel cost of 
$0.03/kwh is used for biomass to allow for a considerable 


margin of error in the cost estimates. 


4. WIND GENERATED ELECTRICITY 


Technical Potential 


The most promising use of wind power to generate electricity 
is in remote areas of the province with modest power require- 
ments that must otherwise be met by the use of fossil- fuelled 
Selarutoresonse However, for the purpose of this study, rc 
is necessary to consider the possibility of a large scale 
application of wind power, sufficient to displace at least 
one unit of a 4 x 516 mw generating station. Bearing in mind 


the rapid rate of development in windmill technology, it is 


reasonable to assess the potential for wind power in Ontario 


(13) 


in terms of use of wind plants of 1 mw capacity 
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Assuming that the average capacity factor of windmills is 
35%'47) 4.6. that one may expect 350 avg. kw/yr from 1 nw 
windmill and that a 516 mw unit produces approximately 390 
avg. mw/yr,one would need in the order of 1100 mills of 1 
mw each to equal 1 x 516 per unit. This assumes that each 
mill would operate independently of its neighbours and that 


arrary effects of loading and shielding would not be present. 


Regarding the land requirements, it is assumed that the 
mills would be built in groups or arrays of at least 10 
at any location. A typical 1 mw mill, 150° in diameter, 
is designed to operate at a mean speed of 18 mph. Ata 
very conservative estimate of 30 windmill diameters per 
mill OR REED to assure independent operation, an 

area of 800 square miles, or approximately .7 square miles 


per mill would be required. 


In a province as large as Ontario it may not seem diff- 
icult to envisage an area equivalent to a square the sides 
of which measure 28 miles, especially when it is recognised 
that to use the land for wind generated electricity may 
still allow it to be used for some other purposes. The 
problem lies in finding such an area with an average wind 
speed of 18 mph or greater. 

One Sena) ApEineenead that areas of high wind speed in 
Ontario are almost entirely around Hudson Bay, and there 
the average wind speed is only 12.5 - 15 mph. Only three 
measuring stations reported winds in excess of 15 mph. 
Assuming other factors are constant, the power in 12.5 mph 


winds compared to 18 mph winds may be approximated by the 
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= . 34, or the equivalent of almost 3250 mills 


3 
Vass, 
18 

required to produce as much power as a 516 nw nuclear unit. 


ratio| 


These mills would require roughly 2,300 square miles of 


land though not all in one location 


Economic Cost 


The cost of windmills having a 1 mw capacity is expected to 
be in the order of $500/kw (1976) (2°) gor modest production 
runs. Using the estimated 3,250 mills necessary to displace 
a single 516 mw nuclear unit, the capital cost would be 
approximately $1.6 billion. Although fuel costs are zero 
and operation and maintenance costs are not likely to be 
very significant, capital costs of this magnitude make the 


large scale application of wind generated electricity a very 


expensive option for Ontario. 


a6 ELECTRICITY FROM SMALL HYDRO-ELECTRIC SOURCES 
Technical Potential 


The largest source of unutilized hydraulic power in Ontario 
is the Albany River. A series of dams along the river would 
be capable of providing about 3,000 mw peak power and 2,000 
average mw of ene OY 1990. This indicates a capacity 
factor of 70%, comparable to that of fossil or nuclear gener- 


ation. 
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The Ontario Government has allowed Ontario Hydro to proceed 
with in-house studies to evaluate the utilization of the 
Albany River and to compare it with other power generation 
options Lp However, given the objectives of the present 
study, the large scale exploitation of the Albany River is 
not considered to be an acceptable alternative to the 
generating stations that are planned for completion after 


Darlington G.S. 


Ontario Hydro has estimated the energy available from 


undeveloped sites with a potential capacity larger than 


10 mw to be 700 average mw or approximately 1700 mw peak 


(19) _ In addition, there are 


(20) 


capacity (dependable) 

600 average mw available from the Severn River There 

are also 1000 or so smaller sites throughout the province, 

many of which were developed and subsequently removed from 

service owing to high costs. They have a capacity of about 
(3) 


790 average mw ° 


Economic Cost 


Although no detailed cost estimates have been made for the 
development of these sites, Ontario Hydro notes that "there 
are a number of locations with a capacity greater than 10 
mw annual energy which may be economic in comparison to 
fossil generation when additional capacity is required to 
meet system cemendes Gon For the purposes of the present 
study it is assumed that 10% of the available capacity in 
this category, i.e. 70 mw in total, can be brought on 
stream over the next 15 years at costs competitive with the 


fossil fuelled alternatives. 


=656 


6. INTERCONNECTIONS 
Technical Potential 


Ontario Hydro has pointed out several ways by which incre- 
ased interconnections with other utilities offer opportun- 
ities for improving system operation and potentially 


(22) 


reducing the required system capacity Whenever there 
are differences in system load patterns, there may be a 
means of relying on the other system for peak power. For 
example, Ontario Hydro could exchange its extra summer 
capacity for winter capacity available from other utilities. 
A second method is to take advantage of variations in daily 


load peaking times. 


However, Ontario Hydro thinks there are severe limitations 
in implementing either of these strategies. Ina trial 
exchange experiment a few years ago, Michigan had unexpect- 
edly low winter reserves. Systems at greater distance than 
Michigan could be unreliable because of transmission 
limitations, possible U.S. energy export restrictions and 
the "first call" priority which is the right of the inter= 
vening utilities transmitting the power. Also, daily load 
differences will be more limited when load management more 


successfully flattens the daily patterns. 


The three major sources of interchange power for Ontario 
Hydro are Hydro Quebec, Manitoba Hydro and the U.S. 

utilities. Connection with Quebec is limited to 1300 to 
1500 mw and is expected to decrease in the future if no 


new transmission facilities are constructed. 200 mw of 
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firm power are obtained from Manitoba (this contract lasts 
until 1982). Another 1500 to 3000 mw are technically 
available from Michigan and New York utilities, but power 


has been exported recently rather than mode teditons 


In total, these represent between 3000 and 4700 nw of 
available capacity. Yet Hydro believes it cannot avail 
itself of the advantages of more interconnections because 
these adjacent utilities may not have sufficient reserve 
capacity in the next five to ten years to make sharing 
feasible. As well, a U.S. emergency could restrict export 
to Canada. Nevertheless, studies are underway to deter- 


mine how to benefit more from interconnections. 


The Select Committee of the Legislature looked at the 
question of interconnections and reserve capacity in 

1976 (23), In their discussion they identify two important 
considerations. At present, Hydro's loss of load probab- 
ility calculations do not take into account the potential 
for interconnection reserve. However, one study ae Ontario 
Hydro did conclude that two large identical utilities 
similar to the present system could maintain present loss 
of load probabilities yet reduce reserve capacity between 
750 mw and 1427 mw simply by having sufficient intercon- 
nections. The Select Committee therefore concluded that 
with Hydro's present interconnections, a lowering of 
reserve capacity by at least 500 mw and perhaps more than 


1000 mw is warranted. 
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However, the issue of the costs and benefits of varying levels 
of reserve capacity is Borer iaecake inane and it is. presently 
receiving considerable attention in Ontario Hydro. Until more 
information is available it would be premature for. the present 
study to presume the correctness of the Select Committee's 
recommendation. Consequently, the implications of recognizing 
the contribution of interconnections in relation to Ontario 
Hydro's capacity will be given a low priority in the next 


chapter. 


Economic Cost 


If the Select Committee recommendation is followed it amounts 
to a costless means of reducing Ontario Hydro's capacity, since 
it merely attributes a value to the existing pattern of inter- 
connections. In other words, if the Select Committee is 
correct, Ontario Hydro can reduce its rate of capacity expan- 


sion and still maintain an acceptable level of reserve capacity. 


if INCREASED INSULATION OF RESIDENTIAL BUILDINGS 
Technical Potential 
Two categories of buildings need to be clearly identified: 


those that have already been built and those which are expected 


to be built during the next 30 years. 
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i) The Existing Housing Stock 


The most recent year for which housing stock data of electrical 


use are available for Ontario is 1974. 


TABLE IV.9 


ELECTRICALLY HEATED HOMES IN ONTARIO 1974 


ENERGY USE PEAK ENERGY USE 
TYPE OF NUMBER OF FOR HEATING REQUIREMENTS FOR HEATING 
ACCOMMODATION UNITS kwh kw 10© Btu 
Single Family 113,000 22,700 6.44 79.6 
Apartment 99 ,000 8, 300 2.38 28.3 


TOTAL 212,000 . 4 “ 


Source: Ontario Hydro Memorandum to the Board of Directors, 1976 (32)) 


The figures in column 4 of table IV.9 may be compared with those 


for all Ontario homes built after 1950 '2°) , 


6 
single family.....95 x 10 Btu 


apartment......... 24 x 10° Btu 
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The figure for single family homes includes heating require- 
ments for homes heated by fossil fuels as well as electricity 
and is likely to be substantially higher than the heating 
requirements for electrically heated homes alone. Heating 
requirements for apartments heated with fossil fuels and 


electricity are low in comparison with single family homes. 


The Scanada study considers that 36% saving in energy can be 
achieved by increasing the insulation in residential build- 


ings of all types in Crier teem 


The study also states that 
for Canada, dwellings built to the 1975 insulation standards 
require 9-16% less heat than units built in the previous 10 
years. Assuming that electrically heated homes in Ontario 
approach this 1975 standard, the potential for savings can 
reasonably be estimated to be 23%. Applying this figure to 
the .77.5.-x 10° Btu, derived from Ontario Hydro's figures ror 
average demand yields 60 x 10° Btu, the average value which 
resulted from Scanada's estimates of the reduced energy 


requirements for all Ontario single family dwellings. 


For existing apartment units, the average energy requirement 

is already quite low and further reduction is limited. The 

Scanada study suggests that little re-insulation is possible, 

but by restricting the rate of air change, an 18% saving may 

be achieved. Ontario Hydro uses 15% as the potential reduc- 
(27) 


tion in its study and this is the magnitude of potential 


savings considered reasonable for the present study. 


ii) New Housing Stock 
(28) 
Based on a 7300 degree day heating season , a study by HUDAC 
6 


indicates that the 60 x 10° Btu per year figure cited above 
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corresponds approximately to the average heating requirements of a 
1080 sq. ft. semi-detached house and a similarly sized row 

house, each meeting the 1975 residential insulation stand- 

advance f The study also shows that further insulation and 
re-design would reduce the energy requirement to 41.7 x 10° Btu 
and. 235s 10° Btu respectively (for 7300 DD). For the average 
(30) 


dwelling, which is somewhat larger , this reduced demand 
might be about 46.5 x 10° Btu or 60% of the demand cal- 
culated earlier from the Ontario Hydro data. This level 
could be achieved in a house with sufficient insulation in 
the ceiling and exterior walls to allow heat loss coeffic- 
ients of U = .032 and .062 respectively. Additional 
reguirements could include double or triple glazing, 37% less 


fenestration and 35% reduced scravsiag Teh 


For apartment buildings Ontario Hydro estimates that not only 
is a 15% load reduction possible for improved insulation, but 
another 50% of the load can be reduced by improving the 
design and efficiency of the heating system. Consequently it 
is reasonable to assume that possible savings for heating 


over present levels in new apartment units would be 30%. 


Table IV.10 displays the assumptions concerning the potential 
gains from improved insulation that have been outlined above. 
The values in table IV.10 are used in the next chapter in 
conjunction with the load forecasts of Chapter II, to estimate 
the effect of increased levels of residential insulation on 


Ontario Hydro's expansion program. 
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TABLE IV.10 


ESTIMATES OF THE EFFECT OF INCREASED INSULATION ON 
ELECTRICAL HEATING DEMAND 


IMPROVED INSULATION 


EXISTING UNITS 


PRESENT 


DWELLING TYPE ANNUAL % ANNUAL REQ ANNUAL REQ 
|(electrically | REQUIREMENT | SAVING | (10° Btu) } SAVING (106 Btu) 
(10© Btu) 


| heated) 


| 


Single family 


Apartment 
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Economic Costs 


From the Scanada Peodt anak 


the average investment to retrofit 
single family, row and duplex homes built after 1950 is $950 
(1976 dollars). This investment results in homes that require 
an average estimated 60.3 x 10° Btus per year for space heat- 
ing. Since electrically heated homes are already above the 
standard of insulation of the average post-1950 house, the 
actual cost of retrofitting them should be somewhat less to 
achieve the same final heating demand. Exactly how much less 
is unclear given the nature of diminishing returns in insul- 
ation investment. As a conservative figure, therefore, the 


same cost, $950, to retrofit an electrically heated home to 


the level suggested is assumed. 


For apartments, the report suggests that $75 per unit could 
reduce heating demands by 18%. This cost figure and a more 


conservative reduction of 15% are used in the present study. 


It has been estimated that a reduction in the annual heating 
requirements of a new home equivalent to 50% of the require- 
ments of a typical fossil fuel heated home, can be obtained 
for $3,300, including $1,200 for a heat pump. Excluding the 
heat pump, it may be assumed that 40% of the heating require- 
ments of an electrically heated home can be saved at a cost 
of between $2,000 - $2,500 for additional insulation. It 
should be noted that this saving of 40% in an electrically 
heated home represents a significantly smaller energy saving 
than the 50% reduction suggested above for a fossil fuel 


heated home. Consequently, the assumed cost figures reflect 
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diminishing returnsin energy savings from increased expenditures 


on insulation. 


The type and extent of improvement possible in new apartments is 
quite different from new houses. Not only is increased insul- 
ation and glazing recommended but also some adjustment to the 
total heating system. Since the total improvement expected for 
new buildings is only 30%, and 18% of this total can be obtained 
for $75 per unit for retrofit, a cost of $300 (1976 dollars) per 


unit is assumed for improvements to a new building. 


TABLE IV.11 


ESTIMATED PER UNIT COST FOR REDUCING 
HEATING DEMAND (1976 DOLLARS) 


RETROFIT NEW 
Single family $950 $2250 
Apartment $ 75 $ 300 
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Ge IMPROVED EFFICIENCY OF RESIDENTIAL APPLIANCES 
Technical Potential 


Excluding the use for space heating purposes, residential 
appliances accounted for more than 4600 mw, 34% of the 
system peak and about 20,000,000 mwh of electricity con- 
sumption (25% of the system requirements) in 1974. The 


details of end use consumption are shown in table IV.12. 


In this section, the individual savings possible for each 
end use are estimated and subsequently applied to the load 
forecast to calculate total potential electricity savings. 
These savings are then transformed to peak reductions by 
adjusting them with the load factor for each end use. The 
load factors used are those derived from 1974 estimates. 
It is assumed that these annual load factors are constant 


over time for each end use. 


Table Iv.12 shows energy, power and load factors in 


1974. 


There have been several studies on the potential energy 
savings that can be derived from improvements in equip- 
ment efficiency. Two of these relate specifically to 
Ontario, while three others considered here are concerned 


3 
with utilities in the United Statesee Ns 


The studies recommend a variety of means by which the 


efficiency of appliances can be improved. Some of these 


are: 


iG 


END USE 


Electrical Space 
Heating 


Other Space 
Heating 


Water Heating 
Cooking 
Lighting 

Clothes Drying 
Refrigerator 
Television 

Air Conditioning 


Other 


TABLE IV.12 


RESIDENTIAL ENERGY - 
POWER AND LOAD FACTORS, 1974 


ESTIMATED DEMAND 


TOTAL ENERGY COINCIDENT 
USE WITH PEAK LOAD 
1974 (10© kwh) 1974 (mw). FACTOR 
Le, Oe Pe PEE REO. SEOs, CRU ee ee 
3,392 970 . 40 
1,405 345 . 46 
7,090 #015 . 80 
2,539 920 o32 
1,840 920 5) 
1,040 500 24 
3,295 370 1.02 
1,250 330 43 
251 ~ - 
2,709 380 81 
SOS Ste atc Sa a Pade ct te Lb a 
23,770 5,750 Aug. .47 


TOTAL 


Source: Ontario 


October 


Hydro Memorandum to the Board of Directors, 


12, 1976, Schedule "C" tables 2 and 4 (32) 
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pAb i 


op i Me 


iv. 


Water Heating 


4 using a peak controller it is possible to 
shift all of a water heater's demand off- 
peak 


: with improved design of water heaters and 
better insulation, savings estimated range 
upward from 10% 


Ranges 


F the insulation on ovens can be increased 
with about a 50% reduction in heat loss 


: microwave ovens are quoted as being 2 to 
4 times more efficient than present stoves 


Lighting 


; substituting fluorescent lights for 
incandescent would require only 25% of the 
present energy used 


; in apartment buildings individual metering 
has a tendency to reduce consumption for 
lighting 


Clothes Dryers 


: general improvements in efficiency from 
motors and heating 


Pity hy J 


Vis Refrigeration 


: improved insulation in doors 


y elimination of door heaters 


; improved design efficiency of compres- 
sors 
Vi. Television 


° further replacement of tubes with solid 
state; elimination of instant-on 


feature 
: conversion to DC power for more efficient 
ope ration 
Vil. Air Conditioning 
F higher insulation standards to reduce air 


conditioning requirements 


; improved design of equipment 


The present use and expected savings possible from these 
and other changes are listed in table IV.13. The final 
columns represent an average of the figures available 


(with exceptions noted). 
The peak reductions can now be estimated, Table IV.14 shows 


that if the savings indicated in table IV.13 had been achieved 


in 1974, a 1000 mw reduction would have been possible. 
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Several of the studies have included savings that could not 
be achieved until about 1995. Allowance is made for this in 
the next chapter when the implementation of these savings is 


considered. 
Economic Cost 


T.T. Woodson assessed the potential for saving electricity 

in the residential sector of the uns ae He concluded that 
by the year 2000, annual savings in residential electricity 
consumption in the range of 25-45 per cent appear economic- 
ally and technically feasible. In addition he noted that 
savings of 15-25 per cent could be achieved immediately and in 
the near term by means of operational housekeeping changes 

and some capital investments and process equipment changes. 
Although Woodson's study included space heating, whereas the 
present study deals with it separately, his findings suggest 


that the magnitude of savings estimated above (28%) is feas- 


ible for Ontario. 


Important questions remain about the precise nature of the 
costs of improving the efficiency of residential appliances. 
Moreover, it is questionable whether the Canadian appliance 
industry is capable of making the necessary changes indep- 
endently of competitive producers in the U.S. and elsewhere, 
given the emphasis that buyers apparently place on initial 
costs to the neglect of operating expenses. It was not poss- 
ible to address these questions in the present study and so 
the economic viability of the modificationsto appliances 


listed in this section remains in doubt. 
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TABLE IV.14 


POTENTIAL SAVINGS FROM INCREASED EFFICIENCY OF 


RESIDENTIAL APPLIANCES IN 1974 


1 


1974 EQUIVALENT 

TOTAL ELECTRIC PER CENT 1974 LOAD 

ENERGY CONSUMED ENERGY LOAD REDUCTION 
(10© kwh) SAVINGS FACTOR (mw) 
Water Heating _ 7090 16% . 80 160 
Cooking 2539 28% pe 250 
Lighting 1840 30% Py 270 
Drying 1040 15% 24 70 
Refrigeration 3295 43% 1,02 160 
Television 1250 48% - 43 160 
Air Cohad Cloning ‘*)8*9%251 35% 2 4 


1070 mw 


its Ontario Hydro, Energy Utilization, table 6.2-ll 1976 (37) 
26 The energy savings for air conditioning do not translate 


into a peak reduction since little air conditioning occurs 
at the time of peak 
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9. ELECTRICAL SAVINGS IN THE COMMERCIAL SECTOR 
Technical Potential 


In 1974 the commercial sector, which includes several very 
different types of business establishments and institutions, 
accounted for 27.2% of the total electrical energy supplied 
by Ontario Hydro. This was less than either the residential 
or industrial sectors, although the recent historical ytrena 
in commercial consumption of electricity shows that it is 


‘ 30 
growing significantly faster than in the other Eecrares ae 


‘Ontario Hydro has analysed the contribution of the various 
components of the commercial sector to peak demand, using 
data for 1972. It also examined the end use of electricity 
within the commercial sector and the findings are summarized 


ac AD Les Velo 


On the basis of the information given in table IV.15,,, Ontario 
Hydro estimated the potential savings in electricity consump- 
tion that could be obtained by improving the efficiency with 
which the electricity is used for such purposes as Liaqntingd,. 
operating pumps, fans and service motors and resistance loads. 
These estimates of potential savings ee displayed in table 
Iv.16 both for 1972 and for 1984, the latter being based on 


a projected use of electricity in that year by Ontario Hydro. 


Table IV.16 shows Ontario Hydro's estimate that energy 


savings of up to 4470 x 10© kwh could have been achieved in 


Aye Gm 


TABLE IV.15 


THE END USE OF ELECTRICITY IN THE COMMERCIAL SECTOR, 1972 


PUMPS/ AIR COND- SERVICE RESISTANCE 
LIGHTING MOTORS ITIONING MOTORS LOADS TOTAL 


Consumption 69 38 3968 1740 3370; | 1305 17230 
(10© kwh) 


% of Total 40.1 22.9 10.1 19.5 7.4 100% 
Commercial 
Consumption 


Estimated 1626 765 13 551 455 3510 
Coincident 
Demand (mw) 


Estimated - 49 59 153 oF 33 58 
Coincident 
Load Factor 


= 


The load factor for air-conditioning implies that the use of air- 
conditioning at the time of system peak (in winter) was signific- 
antly lower than the average yearly use; the major use would 
occur in the other seasons. 


Source: Ontario Hydro, Memorandum to the Board of Directors, 1976, 
Schedule "A" (30°) 
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the commercial sector, corresponding to a capacity saving of 
952 mw. For 1984, Ontario Hydro projects potential energy 


6 
and capacity savings respectively of up to 9820 10 kwh and 
2257 mw. 


The magnitude of the savings estimated in the Ontario Hydro 
study corresponds closely to similar estimates made for two 


other areas: Long Island, New Varios cies and the Pacific 


Northwest of the United Srancs wees Significantly, both of 
these studies indicate that conservation levels above the 
estimate made by Ontario for 1984 are achievable further in 


the future. 


Some of the measures examined by Ontario Hydro might be 
construed as involving a reduction in services, for example, 
lower levels of lighting and heating. Yet bearing in mind 
that larger savings than those estimated by Ontario Hydro 
may be possible beyond 1984, it is concluded that for the 
purpose of the present study, the estimates of potential 
electrical savings in the commercial sector shown in table 


IV.17 are not unduly optimistic. 


TABLE IV.17 
POTENTIAL ANNUAL ELECTRICAL SAVINGS IN THE COMMERCIAL SECTOR 


USE POTENTIAL SAVINGS 
Lighting 40% 
Pumps and Fans 15% 
Service Motors 7% 
Resistance Loads 7% 
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In Chapter vV these estimates of potential savings are 
applied to the forecasts of electricity consumption in the 
commercial sector and converted, by means of the load 


factors given in table IV.15, to capacity savings. 
Economic Costs 


In the course of the present study no detailed information 
was found relating to the costs of improving the efficiency 
of electrical use in the commercial sector. Some writers 
believe that the costs are quite fides) aie and Ontario 
Hydro gives an example showing that switching fluorescent 
lamps off when they are not in use saves the user money, 
even though the lamps might deteriorate more rapidly asa 
vegurenee Moreover, some of the other conservation 
measures discussed in the Ontario Hydro report would also 


result in net savings. 


However, the fact remains that comprehensive cost estimates 
are not available and so it has not been possible to reach 
any firm conclusion as to the cost competitiveness of the 


measures discussed in this section. 
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10: ELECTRICAL SAVINGS IN THE INDUSTRIAL SECTOR 
Technical Potential 


Ontario Hydro has studied the use of electricity by manuf- 
acturing industries and assessed the potential for energy 
Bone Geran ta a In 1974, the industrial demand coincident 
at the time of system peak was about 4,500 mw and more than 
40% of that year's electrical energy was consumed by 
cagpetiyee Electrical motors created almost 75% of the 
industrial demand, process requirements and lighting account- 


ing for the remainder. 


In its assessment af the potential for energy management, 
Ontario Hydro concluded that a reduction of more than 500 mw 
from the industrial use of electricity supplied by Hydro was 
possible. This could be achieved by a combination of peak 
shaving and energy conservation (100 mw), load shifting 

(271 mw) and self-generation (150 mw). The measures noted 

in the Ontario Hydro study include: using standby generators, 
computerizing the control of energy use, improved lighting 


systems, using compressed air, more efficient equipment. 


Since cogeneration, which is included in self-generation, has 
been dealt with separately in this study, savings from this 
activity will not be included fateh ard The remaining 

savings from peak shaving, energy conservation and load 
shifting estimated by Ontario are 371 mw, more than 8% of the 
1974 peak industrial load. It is reasonable to assume, there- 
fore, that the potential for peak reduction will be at least 


44 
8% for each year into the eucure a 
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In order to utilize this figure in the next chapter, an 
industrial load factor is required to relate the projected 
energy demands of industry in chapter II to the associated 
capacity requirements. It is these estimated capacity 
requirements which can be reduced by 8% on the basis of 


the savings assumed possible in the Ontario Hydro study. 


Ontario Hydro has published a load factor for its industrial 
customers of Cet However, this does not correspond to 
the figures for coincident peak demand and annual energy 
consumed that have been published elsewhere by Ontario Hydro. 
The coincident demand figure of 4,500 mw cited above, com- 


bined with the energy figure of 31.4 x 10° Peaan 


implies 
a load factor of .8. Although this seems somewhat high, in 
order to remain on the conservative side, this value 4.8 will be 


used in all subsequent calculations. 
Economic Cost 


It has not peas possible to estimate the costs necessary to 
secure these potential savings for industrial users of 
electricity. The range of activities involved is very great 
and costs can be expected to vary from one establishment to 
another. Although some writers strongly suggest that such 
savings are cost competitive with the alternative of 
expanding central generating pace ereaan the absence of 


any comprehensive cost estimates makes it impossible to 


conclude that this is, in fact, the case. 
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|i bs SOLAR SPACE AND WATER HEATING 
Technical Potential 


During the past few years increasing attention has been 
paid to the potential role that solar energy could play in 
reducing the demand for other forms of energy. The avail- 
ability of energy from the sun is not disputed. It is the 
technical potential for utilizing this energy and the 


associated economic costs which provide the focus for debate. 


The technical issues relate to such aspects as active solar 
versus passive, collector designs, storage medium and capacity, 
life of the equipment, insulation and building Aes 
Individually important as they are, these issues will ultimately 
be resolved in terms of economics. There exists a wide range 

of technical means for using solar energy and it is economic 


criteria which will decide which are the best. 
Economic Potential 


Two recent Canadian studies conclude that solar energy for 

space and water heating is likely to be competitive with 

electrical energy for the same purpose within the next five 
(49) 


years . This conclusion was arrived at by comparing the 


expected lifetime costs of the different heating systems. 
Other studies in the U.S. and other cowmtries concur with the 


view that solar space and water heating is or will shortly be 


competitive with other forms of heating, especially electrical 
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(50 


) 


Of considerable relevance to Canada is the conclusion reached 
in a study conducted at the University of New Mexico, that 
solar heating is more economic in the northern than the 
southern states owing to the greater requirements for heat 
energy in the north, and that it is already cheaper than 


5] 
electric heat in more than half the aan dae d's 


In contrast to the above studies, conclusions reached by 
Ontario Hydro and by the Ontario Ministry of Energy are much 
less favourable towards solar energy for space and water heat- 
ing . These different conclusions stem from the use of 
different assumptions, relating in particular to the costs of 


(52) 


the equipment and the future price of electricity : 


Rather than attempt to resolve the issue here as to the 
competitiveness of solar space and water heating this study 
will make extensive use of two reports on solar energy pre- 
pared by the I.B.I. Group for the Royal Contech one oe As 
the authors of the reports recognize, the rate of implement- 
ation of solar energy in the residential, commercial and 
industrial sectors will depend critically on government policy 
in terms of financial and legislative incentives. In one of 
the scenarios they consider (the high-high scenario) they do 
allow for some modestinitiatives in this areata: but much 
more could be done and this would increase the rate of 


implementation beyond what they presently believe is likely 


to happen. 


A further point is that in the economic assessment of the 


solar options, the I.B.I. studies adopt the perspective of 
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the potential buyer. That is, they assess the competitiveness 
of solar heating from the point of view of an individual or a 
company planning to buy a heating system. In the case of new 
buildings the cost comparison is done on a life-cycle basis. 
When retrofitting is examined, it is conservatively assumed 
that the cost "comparison is made of the actual cost of con- 
ventional heating in the year in question versus the average 
annual cost of solar heating, capitalized over the coming 20 
Wears. In other words they assume that no one will retro- 


fit their buildings to use solar energy until it is no more 


costly than conventional methods in the first year of operation. 


From the point of view of public policy, a more appropriate 
cost comparison than that used by I.B.I. would be between the 
costs of capturing solar energy for space and water heating 
and the costs of supplying equivalent amounts of energy from 
other sources. To the extent that what the buyer has to pay 
for these other energy sources is less than the cost of 
making them available, the conclusions of the I.B.I. reports 


understate the real cost competitiveness of the solar systems. 


In the next chapter the effects of solar space and water heat~ 
ing in Ontario's electrical supply system will be assessed in 
terms of an implementation scenario that lies in the middle of 


(56) 


I.B.I.'s low-low and high-high scenario As such it may 
be regarded as a rate of implementation that is cost compet- 
itive with the alternative of providing electric heat from new 


large generating stations. 
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hee LOAD MANAGEMENT 
Technical Potential 


Load management refers to a wide range of activities which are 
capable of raising an electrical utility's load factor defined 
as the ratio of average load to peak load. Other things being 
equal, the higher the load factor the smaller is the generating 
capacity required to deliver a given quantity of electrical 
energy over a period of time. This means that if consumers of 
electricity can be induced to re-schedule their activities so 
that the system load is evened out and the peak demand reduced, 
the rate of expansion of generating capacity can be curtailed. 
In a study for the Royal Comission: 7 Leighton and Kidd 
review the theory of and international experience with the two 
main methods of load management: pricing incentives, whereby 
peak power is sold at a higher price than off-peak power; and 
the direct control of utility loads, whereby some loads, part- 
icularly industrial, can be reduced directly by the utility. 
They point out that in Europe it is common to see pricing 


incentives coupled with the direct control of loads by utilities. 


The success of these European load management practices is 


indicated in table IV.18. 


Variations in utility load factors are, of course, attributable 


to other causes in addition to the specific load management 


og 


TABLE IV.18 


UTILITY ANNUAL LOAD FACTORS 1973-1974 


COUN TRY ANNUAL LOAD FACTOR % 
Austria , 83.4 
Luxembourg 80.2 

France 77.2 

Belgium 76.3 

Germany (Federal Republic) Ton0 

Italy 71.8 
Netherlands 70.9 

Ontario 69.7 

United States 65.5 

fe Ail abel SA acta a escent a oh a 
Source: Leighton and Kidd, p.13, 1976 (22) 


Ose 


practices of the utilities. However, it should be recognised 
that in 1973-74, the year for which the load factors are 

given in table IV.18, Ontario Hydro's load factor of 69.7% 

was higher than for any year since 1935, and considerably 
higher than the 65.8% that Ontario Hydro is projecting for its 


5 
future operations: Bhs. 


In light of this it is assumed in the present study that a 
load factor of 70% is achievable in Ontario if suitable load 
management practices are implemented. This is consistent with 


Leighton and Kidd's conclusion that in Ontario there is "a 
potential for shaving annual maximum demand by a few percent 
by managing selected loads over the day time and early even- 
ing peak load period, on each working day throughout the 

winter none aa eo Such an increase in the system load factor 
would not entail a reduction in the amount of electrical energy 
available to Ontario Hydro's customers. It would only reflect 


changes in the time at which the electricity is used. 
Economic Cost 


Leighton and Kidd do not report specifically on the costs of 
load management. However, they do note that more sophisticated 
metering equipment is necessary to implement peak load pricing 
schemes. Furthermore, the various means of remote switching 
that would be necessary for the utility to directly curtail 
load would also involve costs. One indication of the compar- 
atively low level of these costs is the estimate that ripple 
control systems cost approximately $120 per customer (1977) and 


the potential exists to save several kw per controlled muaconeniee e 


At 


r3. DISTRICT HEATING 


Technical Potential 


District heating refers to a variety of heating systems in 
which heat is generated at a central location and transmit- 
ted by water or steam to other buildings, which may be 


located nearby or at a considerable distance. 


The major sources of heat that have been considered to supply 


district heating systems are: 


- electrical generating stations 
- refuse incineration 
- industrial boilers 


In the present study considerable emphasis has been placed on 
the potential for industrial cogeneration of electricity. To 
the extent that this potential is realised, it would pre-empt 
the use of industrial waste heat for use in a district. heat- 
ing system. For this reason, this particular souce of heat 


is not considered further. 


Refuse incineration could be used as a heat source in Ontario 
but probably not on a large scale. Of the many studies which 
have examined the widespread application of district 

two of the most optimistic concentrate on the utilization of 
steam or hot water from electrical generating stations. This 
potential represents the most promising heat source for 


61, 62 
district heatings Ms 
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Existing and planned electrical generating stations can be 
operated in dual mode so as to produce an optimal combination 
of electricity and steam to maximize the output of useful 
energy. ‘This has the effect of raising the overall energy 
efficiency of thermal-electric generating stations from 


about 33% to more than 80%. 


However, to achieve this higher efficiency, an electrical 

generating station rated at say 2,000 mw capacity would 

only be capable of supplying approximately 1,500 mw of 
(61) 


electricity : 


From the point of view of a comprehensive energy strategy, 
the crucial question is whether this loss of 500 mw cap- 
acity can be justified in terms of the production of use- 
ful energy in the form of hot water or steam. Since this 
energy will be used for heating it will reduce the demand 
for heat energy obtained from other sources, notably 
fossil fuels and electricity. The value of this decreased 
heat energy demand may well exceed the value of the 


reduced generating capacity. 


For the purposes of the present study, it is not the red- 
uced demand for all other forms of heat energy which is 
relevant to the consideration of district heating. the 
central question here is whether the adoption of district 
heating will reduce the requirements for new generating 
capacity and this must be assessed by comparing the red- 
uced generating capacity resulting from dual mode oper- 


ations with the reduced demand for electric heating. 
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In an attempt to make this comparison for Ontario it was 
assumed that up to 75% of the population between Oshawa and 
Hamilton could be connected to district heating schemes 
deriving energy from the electrical generating stations in 


the acter ca 


Table IV.19 shows estimates of the number of electrically 
heated units in the region in 1977 that could be served by 
district heating, which, of course, would also serve homes 
presently heated by other means. The table also shows 
estimates of the energy and peak electricity savings that 
would result. The results suggest that 255 mw could be 
removed from Ontario Hydro's present capacity by using 
district heating in place of the electrical heating that is 


in use in the Oshawa-Hamilton region. 


To estimate the effect of this district heating program on 
the power system capacity, the total heat requirement must 
be estimated i.e. the heat required by all of the homes 
connected to the district heating system including those’ 
heated by fossil fuels. Homes in Ontario in 1976 required 
about 2,300 x 10° gallons of home heating oil equivalent to 
about 230 x 1012 Btu (at 60% conversion Stricioncyy ae 

An estimate of the heating requirement for one third of the 
population is then about 77 x 1012 Btu. Assuming that 


insulation improvement could reduce demand as much as 38%, 


a lower estimate of the requirement would be 47 x 1012 Btu. 
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TABLE IV.19 


AN ESTIMATE OF THE POTENTIAL ELECTRICAL ENERGY SAVINGS 


IN THE OSHAWA - HAMILTON REGION OF ONTARIO FOR 1977 


TOTAL DEMAND 


REDUCED BY 
UNIT DEMAND DISTRICT HEATING 
# OF UNITS 
DISTRICT enercy (2) praxk3) ENERGY PEAK 
HEATING (1) (10° Btu) (kw) (10? Btu) (mw) 
EXISTING 
Single 37,000 60.0 5.0 2260 189 
Family 
Apartment 33,000 24.0 weU 790 66 
TOTAL: 70 , 000 3050 355 


1/3 of electrically heated homes in Ontario table IV.9. 


Table IV.10 


Table IV.10 
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To supply this much heat (47 x 1012 to 77 x 1012) a dual- 
mode station would concommittantly produce 1700 mw to 

2700 mw. The plant'soriginal electrical capacity would be 
2300 mw to 3600 mw with an overall capacity reduction of 
600 to 900 mg (OP 


This means that the net effect on electrical generating 
capacity of these particular district heating programs 
would be the difference between the reduced requirements 

of 255 mw and the reduced capacity of 600 mw - 900 nw, i.e. 
the generating system would have to grow by 245 mw - 645 nw. 


Because of this result, district heating is not considered 
further in this study even though district heating may be 
cost competitive with other sources of heat energy and 
would make sense if evaluated within the context of a broad 


energy policy. 
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FOOTNOTES 


10. 


Js 


It may be noted that several measures are not 
considered: substitution of other fuels (except 
solar energy) for electricity; using urban design 
to influence electricity consumption pattems; 
heat pumps; construction of many, locally sit- 
uated small fossil-fuelled generating stations; 
increased capacity for off-peak storage of 
electricity. 


Leighton and Kidd Ltd., Report on Industrial By- 


Product Power, 1977 (22) 

Leighton and Kidd (22) 

Leighton and Kidd, p.14 (22) 

Mr. Kidd informed us that their estimate is taken 


from A Study of Inplant Electric Power Generation 


in the Chemical, Petroleum Refining, and Paper 


and Pulp Industries, 1976 ( 13 ) No adjustments 


for price changes from 1976 to 1977 were made 
owing to a lack of information. 


This figure was described as reasonable in a 
personal communication from Mr. Kidd. 


Methanol in Ontario, 1976 (8) 


Ontario Hydro, Generation Planning Processes, Fig. 
11-6 , 1976 (39) 


J.P.R. Associates, The Feasibility of Generating 
Electricity, .p.108s, 719755 (20) 


Ontario Hydro, Generation-Technical, Fig. 2.1.18-2 
19767740) 


The J.P.R. study assumes $11/green ton. (20) 
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C.K. Brown and D.F. Warne, An analysis of the 


Potentzal for Wind Energy Production in North- 
western Ontario, Ontario Research Foundation, 
1945 (6) 


Wind Workshop II (Proceedings , 1975, Mitre 
Corp. p.58 which includes discussion of 


megawatt wind turbines. (25) 


Personal communication from J. Templin, N.R.C., 
Ottawa, Feb. 1976. 


Brown and Warne, 1975 (6) 
Mitre Report, p.58. 1977 (25) 


Ontario Hydro, Generation-Technical, Vol.I, 
p.2.2=1 1976 40") ‘ 
Personal communication from Ontario Hydro. 


Ontario Hydro, Generation-Technical, Vol.I, 
p.2.2-3 1976. (40) 

Ontario Hydro, Generation: non-nuclear, Vol I, 
Dea, 1977 130) 

Ontario Hydro, Generation: non-nuclear,Vol.I, 
D.G7 love too) 


Planning of the Ontario Hydro East System, 
On tario-Hydro,=1976,. Vol. 17, chapter’9. / 42’) 


A New Public Policy Direction for Ontario Hydro, 
Select Committee of the Legislature, pp. III, — 


35-36 (951) 


See H.A. Smith, Reliability, Costs and Values 
Associated with Reserve Peak Generating 


Capacity Ontario Hydro East System 1976 - 1985, 
Ontario Hydro, 1976 (54) 


Scanada Consultants Ltd., Thermal Efficiency and 
the Potential for Conservation, 1976, p.11-12 
(50) 


Scanada, Thermal Efficiency, 1976 (60) 


Ontario Hydro, Memorandum to the Board of Directors, 


Schedule "D", 1976 (30) 
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325 
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Scanada, Thermal Efficiency 1976 (50) 


HUDAC, A Builders Guide to Energy Conservation, 
Tables 3 anda 4¢- (27) 


A figure o£ L500 .;sqn Lois, commonly wised- 


HUDAC, A Builders Guide to Energy Conservation, 
derived from figures in Tables 3 and 4 (17). 


R.M.R. Higgin, Solar Heating of Buildings in 
Ontario, 1976 (16) 


Ontario Hydro, Memo to the Board, Schedule C, 
1976, Appendix VI. (32) 


"Background Data for Probe's Issue Paper on 
a Nuclear Moratorium" ,Energy Probe, 
LOT aC) 


Projecting an Energy-Efficient California, 
Goldstern, Rosenfeld, 1975, Chapter I (14) 


A Study of Existing Energy Usage on Long 
Island, Dubin-Mindell-Bloome Associates, 1975 


(10) 


Choosing an Electrical Energy Future for the 


Pacific Northwest, Natural Resources Defence 
Council (FRDA), 1977, Table 32. (27) 


T.T. Woodson, "Residential Energy Use", 


Efficient Electricity Use, C.B. Smith (ed), 1976 
65) 


Ontario Hydro, Energy Utilization, Table 
Spada arom Ee iv isyom yay) 


Ontario Hydro, Memorandum to the Board of 
Directors, 1976, Schedule A. (40) 

Retail trade and services accounted for more 
than 45% of the commercial peak. 


A Study of Existing Energy Usage on Long Island, 
Dubin~-Mindell-Bloome Associates, Table 20, 1975 
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Evaluation of Electrical Energy Management 
Potential in Industry, Ontario 1976 - 


Released as separate document PMA 76-6 and as 
part of Memorandum to the Board of Directors, 
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Directors, Schedule G, 1976 (36) 
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"Prospects for District Heating in the United 
States", Karksheck, Powell, Beardsworth, 
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Energy Conservation through District Heating, 
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This corresponds to about 33% of Ontario's 
population. Karksheck,Powell and Beardsworth 
( 21 ) expressed the view that 40% of the 
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Scanada, Thermal Efficiency in Existing 
Housing, 1976 (50) 


The combined capacities of the existing gen- 


erating stations in the Oshawa-Hamilton area 
is 5,500 mw of which 2,000 mw is nuclear. 
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CHAPTER V 


THE QUESTION ANSWERED 


i. INTRODUCTION 


Chapter I posed the question "to what extent would it be poss- 
ible to postpone the introduction of another large generating 
station after 1988, the date at which Darlington G.S. is 

expected to begin full operation, without any reduction in the 


services that the electrical energy would have provided?" 


Chapter II projected the end use of electricity in Ontario 
over the next 30 years and considered the relations among end 


use, energy and power. 


In Chapter III estimates were made, on the basis of Ontario 
Hydro data, of the financial savings resulting from postponing 


the introduction of central generating facilities beyond 1988. 


Chapter IV reviewed a wide range of measures which, individ- 
ually or combined, have some potential for reducing the require- 
ment for additional large generating facilities after Darlington 
G.S. However, no attempt was made in that chapter to develop 


these measures into a consistent program of implementation. 
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Ideally, it would be desirable to combine the various options 
so as to obtain the greatest savings in Ontario Hydro's 
Capacity requirements, at the least social, environmental and 
economic cost. This could then be compared with Ontario 
Hydro's expansion program to arrive at the optimal way of 
providing the services implicit in Ontario Hydro's load fore- 
cast. Further, and beyond the scope of this study, one might 
consider the implication of alternative patterns and levels 
of end use to arrive at a consciously conceived demand goal 


as an integral part of an energy strategy for Ontario. 


Unfortunately, optimization even of the economic costs is not 
possible on the basis of the information gathered in the 
previous chapters. The estimates of the potential contrib- 
ution and cost of the different measures examined vary in qual- 
Lty . For this reason a more pragmatic approach to develop- 
ing a consistent program has been adopted. The measures are 
taken in sequence, beginning with those for which the estim- 
ates are considered most significant in terms of reliability, 
magnitude and cost. As additional measures are taken into 
account, the total program is built up in a manner which 
recognizes duplications and incompatibilities so as not to 


exaggerate the contribution of the program as a whole. 


ae IMPLEMENTING COGENERATION IN ONTARIO 


It has been estimated that Ontario presently has about 500 mw 


of cogeneration capacity and that a reasonable target capacity 
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1 
for 1985 is about 3,000 a The implementation program 


between 1977 and 1985 considered feasible by Leighton and 
Kidd was extended in the previous chapter to the year 2007. 
Such an implementation program appears capable of dis- 
placing the first large generating station planned by 
Ontario Hydro to come into service after Darlington G.S. 
The proposed in-service date of the fourth unit of E15, a 
4 x 516 mw plant, is October 1989. Table IV.1 shows that 
the potential cogeneration capacity in 1989 is an estim- 
ated 26099 mw. Since 500 mw are already in place, this 
amounts to a net addition of 2199 mw capacity, some 135 mw 


in excess of the 2064 mw of EL5. 


A major problem with their specific implementation program is 
that it begins very quickly, at considerable expense, and 

brings substantial amounts of generating capacity on stream 
several years in advance of the in-service dates of E15 and 
subsequent plants. In order to arrive at a more appropriate 
rate of implementation given the specific purpose of the 

present study, a model has been developed to allow the exam- 


ination of alternative rates of implementation. 


A Model for Examining the Implementation of Cogeneration 7B y\ 
Ontario 


The model described in this section allows for four kinds of 


(2) 


activities : 

(i) retrofitting existing industrial steam generating 
capacity; 

(ii) implementation of cogeneration in new steam 


generating capacity; 
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ti) preparation of new steam generating capacity for 
retrofitting at some future date; 


iv) retrofitting prepared steam generating capacity. 


Each of these activities contributes to the implementation 
of cogeneration in a different way and at different cost. 
The most economical approach is to install the necessary 
equipment as new industrial steam capacity is introduced. 
However, this limits the rate at which cogeneration can be 
expanded in Ontario to the modest rate of expansion 
expected for steam generating capacities. Moreover, this 
rate is not the optimum for implementing cogeneration given 
the objective of displacing additions to Ontario Hydro's 
system which are planned for 1988 and beyond. This is why 
allowance is made in the model for new steam capacity to 
be prepared for retrofitting at a later date, closer to the 


time the electricity will be required. 


Retrofitting existing industrial steam facilities for co- 
generation, although more costly than in the case of new 
steam facilities, also has a role and is allowed for in the 
model. The purpose of the model is to examine the consequ- 
ences of various rates of implementing cogeneration in terms 
of the electrical generating capacity that becomes available 


in any year, and the costs which must be incurred. 


Although the model is conceptually very simple, in that it 
is no more than a means for systematically combining the 
four activities identified above, it is sufficiently complex 


to require exposition in the form of equations. What is more 
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Significant is that the model illustrates the way in which 
the implementation of the measures described in the previous 
chapter should be studied. Indeed, a more general model 
would examine the implementation of these measures simult- 
aneously and conceivably account for their likely impact on 


Ontario Hydro's generation and transmission system. 


The construction of such a model, which could prove most 
useful for evaluating alternative energy options for Ontario, 
was beyond the scope of this study. However, the far more 
modest model developed below provides an indication of how 
the technical and economic aspects of implementing energy 


measures might usefully be approached in the future. 


Definitions 
t ‘ ; 

MSD, = new maximum steam demand in year t 
t ; 

MSD, = unprepared maximum steam demand at the 
start of year t. (i.e. no special 
provisions made to accommodate cogener- 
ation.) 

t , 

MSD, = prepared maximum steam demand at the 
start of year t. (i.e. special provis- 
ions made to accommodate cogeneration. ) 

1e 

MSD, = new prepared maximum steam demand in 
year t 

fe) 
MSD = steam demand in the base year (1977) 
u 
MSD = steam demand in the base year not being 


used for cogeneration 
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MSD, , and MSD, are flows; MSD, , MSD5, MSD° and MSD" are stocks. All 
are in units of lbs/hr. 
vu, = utilization rate of MSD, for cogeneration 
in year t 
U, = utilization rate of MSD, for cogeneration 
in year t 
U5 = utilization rate of MSD, for cogeneration 
in year t 
U, = utilization rate of MSD, for preparing for 
future cogeneration in year t 
CAP, = electrical generating capacity from the use of new 
steam capacity for cogeneration added in year t 
CAP. = electrical generating capacity from the 
use of existing (unprepared) steam 
capacity for cogeneration added in year t 
CAP. = electrical generating capacity from the use 
of prepared steam capacity for cogeneration 
added in year t 
coc, = annual capital, operating, ier aty and 
fuel costs associated with CAP, 
coc, = annual capital, operating, eaaeRTien and 
fuel costs associated with CAP, 
coc, = annual capital, operating, maintenance and 
fuel costs associated with CAP, 
coc, = annual capital costs of preparing new steam 


capacity for cogeneration at some future 


date 


= Li 


Using these definitions four equations can be established 


which define the implementation rate of cogeneration. 


t = O in the base year (1977 in the present 
case) 
MSD, = (2105 = T05 ek, they? wale 


Equation V.1. states that the incremental new maximum steam 
demand in any year after 1977, the base year, grows at a 


compound annual rate of 5% over the steam demand in 1977. 


t sik 
MSD, = MSDS Agt YiMepie (eula - U 


Equation V.2. states that unprepared maximum steam demand at 
the start of year t equals the unprepared maximum steam 
demand at the start of the base year, plus that part of the 
new maximum steam demand of the previous years which was 
neither used for cogeneration nor prepared for future cogen- 


eration. 
t - = 
mons = MSD, (1 - yt ove MSD Vier 


Equation V.3. states that the prepared maximum steam demand 


at the start of year t equals the prepared maximum steam 
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demand at the start of the previous year, minus the portion of 
that which was retrofitted for cogeneration. This is added to 
the portion of new maximum steam demand in the previous year 

that was prepared for cogeneration facilities to be installed 


at a later date. 
MSD = MSD, x ut Ve ae 


Equation V.4. states that the incremental prepared maximum 
steam demand in year t is equal to the portion of the 
incremental new maximum steam demand of that year which is 


prepared for future cogeneration. 


The next three equations relate the utilization of maximum 


steam demands to electrical generating capacity. 


Equation V.5. states that the new electrical generating cap- 
acity from the use of new steam capacity in year t is equal to 
the new maximum steam demand in that year multiplied by the 
utilization factor, multiplied by an assumed installed capacity 


of 60 kw per 1000 lbs/hr of maximum steam demand. 
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CAP, = MSD, x ca x 60 V.6% 


2 
c Ve 
CAP , = MSD, x U, x 6U Vike 


a 


Equations V.6. and V.7. relate new cogeneration capacity from 
using unprepared and prepared maximum steam demands respect-— 


ively; to incremental steam demands and utilization rates. 


In order to use these equations to establish an implementation 
program for cogeneration, values for the base year maximum 


steam demands and for the utilization factors are necessary. 


Tables V.1. and V.2. show the values used in the present study. 


The values for MSD° in table V.1. are taken from Leighton and 
Kidd's study (see Chapter IV). MSD" is lower than MSD° for the 
first category of steam demand to account for the 500 mw of co- 


generation capacity that is already in place in Ontario. 


Leighton and Kidd's assumptions about the expansion of cogen- 
eration in Ontario were described earlier. The utilization 
factors shown in table V.2. assume a phased program culmin- 
ating in 1988 in a rate of introduction for cogeneration equal 
to that which Leighton and Kidd suggest is possible immediately. 
Thus, their assumed rates of utilization of new steam demand 


(0) are not achieved until 1988. 
The proportion of existing capacity that is retrofitted (Up) 


is phased in over a 10 year period rather than being achieved 


at once. Moreover, neither of these activities are assumed 
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(3) 


to start until 1982 . In the meantime, allowance (U,) is 
made for new steam capacity to be prepared (U3) for “retro= 


fitting at a later date. 


Tables V.3. - V.5. show the numerical results obtained by 
using the data described in Chapter IV, in conjunction with 
the implementation model consisting of equations V.1l. to 
UAT The most important columns are those which show the 
total annual costs and the total available generating cap- 
acity for each category of maximum steam demand. Table V.6. 
is a summary of the data shown in tables V.3. - V.5. and 
shows the annual expenses for capital, operation and mainten- 


ance, and fuel associated with the electrical generation 


Capacity available in each year. 


According to table V.6. the implementation of cogeneration in 
Ontario in the manner assumed would make available installed 
capacity of 2100 mw by the year 1990, which would be in add- 
ition to the 500 mw of cogeneration capacity that already 
exist in Ontario. This is more than sufficient to remove 
the requirement for E15, the 4 x 516 mw plant that is planned 


as the next station to succeed Darlington G.S. 


It is not immediately obvious from table V.6. whether cogen— 
eration on the scale suggested is cheaper than the expansion 
of Ontario Hydro's generation system, even though Leighton 

and Kidd's study suggests that cogeneration, if financed by 


Ontario Hydro, would be cheaper than a large fossil- fuelled 
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TABLE V.3 


AN IMPLEMENTATION PROGRAM FOR COGENERATION USING INDUSTRIAL 
BOILERS WITH MAXIMUM STEAM DEMANDS GREATER THAN 500,000 Ibs/hr 


CAPITAL, OPERATING, MAINTENANCE AND FUEL COSTS GENERATING CAPACITY (mw) 
(1977 dollars x 103) 
TOTAL TOTAL 
YEAR coc coc coc coc ANNUAL CAP CAP CAP AVAILABLE 
1 2 3 4 1 2 3 
COSTS CAPACITY 


Sn 


1978 ) 0 0 56.8 57 0) Ce) 0 ) 
1979 0 fs) 0 119.3 176 0) 0 0 0 

1960 0 0 fr) 187.9 364 0 0 0 0 

1921 0) 0 1281.4 263.0 1909 0) ) 12.4 Te 
192z 1391.7 ) 3588.3 207.2 7096 13.1 ) 34.8 60.3 
1983 2922.7 1175.9 4575.2 145.0 15915 27.4 8.7 44.4 140.8 
1964 4603.2 10267.8 3480.8 76.1 34342 43.2 76.2 33.8 293,9 
1985 6444.5 19359.7 1483.6 ) 61630 60.4 143.6 14.4 512.4 
1986 8458.4 18183.8 0) () 88272 79.3 134.9 i) 676.6 
1987 8881.3 2351.9 ) f°) 99506 83.3 17.4 0) 827.4 
1988 9325.4 0 0) fc) 108831 87.5 fc) ) 914.9 
1989 9791.6 ) 0) 0) 118623 91.8 0) 0) 1006.7 
1990 10281.2 0 0) f°) 128904 96.4 ) 0) 1103.1 
199) 10795.3 a) f°) ) 139699 101.3 fo) ) 1204.4 
1992 11335.0 0) ) 0 151034 106.3 0) 0) 1310.7 
1993 11901.8 0) 0 ) 162935 111.6 ) 0) 1422.4 
1994 12496.9 ) fc) 0) 175432 117.2 ) . ) 1539.6 
1995 13121.7 ) 0 fe) 188554 123h1 ) fe) 1662.7 
1996 13777.8 ) 0 f°) 202332 129.2 0) 0) 1791.9 
1997 14466.7 ) ) ) 216798 135.7 0) 0 1927.6 
199% 15190.0 0) ) 0) 231931 142.5 () ) 2070.1 
1999 15949.5 () ) ) 247705 149.6 ft) 0) 2219.7 
2000 16747.0 ) ) 0 264088 S75) . 0 () 2376.8 
2001 17584.3 ) Co) 0) 280673 164.9 ) (a) 2541.7 
2002 18463.6 () ) ) 296426 Wge2 0 0 2714.9 
2003 19386.7 ) f°) ) 310108 181.8 ) ) 2896.7 
2004 20356.1 . ) ) 0) 314149 190.9 ) 0) 3087.7 
2005 21373.9 f°) ) i) 300514 200.5 0) 0 3288.2 
2006 22442.6 () 9) 0) 267785 210.5 a) 0 3498.7 
2007 23564.7 fe) ) ) 225803 221.0 () ) 4219.7 
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TABLE V.4 


AN IMPLEMENTATION PROGRAM FOR COGENERATION USING INDUSTRIAL BOILERS WITH 
MAXIMUM STEAM DEMANDS LESS THAN 500,000 Ibs/hr AND GREATER THAN 100,000 Ibs/hr 


CAPITAL, OPERATING, MAINTENANCE AND FUEL COSTS GENERATING CAPACITY (mw) 

(1977 dollars x 103) Ry pe Pa pe Ze o -o| S  e 

TOTAL TOTAL 

YEAFP coc, coc, coc, coc, ANNUAL CAP, car, CAP, AVAILABLE 
ee Ee nes net COSTS = pena SORTER GN. came Tees, 2 CAPACITY 
1978 0 o 0 30.8 31 0 0 0 0 
1979 0 0 0 64.7 96 0 0 0 0 
1980 0 0 0 101.9 197 0 0 0 0 
1981 ) 0 627.0 142.7 967 0 0 6.0 6.0 
1982 695.9 0 1755.8 112.3 3531 6.3 0 16.7 28.9 
1983 1461.4 5541.3 2238.7 78.6 12851 13.1 39.1 21.3 102.3 
1984 2301.7  12361.5 1703.2 41.3 29259 20.7 87.1 16.2 226.3 
19e5 (3222.4 = :19382.2 725.9 0 52588 28.9 136.6 6.9 398.8 
196 4229.4 8100.3 0 0 64918 38.0 57.1 0 493.9 
1987 4440.9 ) 0 ry 69359 39.9 0 0 533.8 
1g9ee 4662.9 0 re 0 74022 41.9 0 0 575.7 
1989 4896.0 ry 0 0 78918 44.0 0 0 619.7 
1990 5140.8 ° 0 0 84059 46.2 0 0 665.9 
1991 5397.9 ° 0 0 89457 48.5 0 ny 714.3 
1992 5667.8 0 0 0 95124 50.9 0 0 765.3 
1993 5951.2 0 ry r) 101076 53.5 0 0 818.7 
1994 6248.7 0 0 ry 107324 56.1 ) 0 874.9 
1995 6561.2 0 ) ) 113885 58.9 ) 0 933.8 
1996 6889.2 0 0 0 120775 61.9 0 0 995.7 
1997 7233.7 0 ) 0 128008 65.0 0 ) 1060.7 
1998 7595.4 0 0 0 135572 68.2 0 ) 1128.9 
1999 7975.1 0 vee 0 143452 71.6 0 ry 1200.6 
2000 8373.9 r) 0 fife 151627 75.2 0 0 1275.8 
2001 8792.6 0 0 0 159876 79.0 ) 0 1354.8 
2002 9232.2 0 0 0 167635 82.9 0 0 1437.7 
2003 9693.8 0 0 0 171720 87.1 0 0 1524.8 
2004 10178.5 0 0 0 168732 91.4 0 0 1616.3 
2005 10687.4 ry 0 0 155237 96.0 0 oO 1712.3 
2006 11221.8 0 0 0 136734 100.8 0 0 1813.1 
2007 11782.9 0 0 0 117263 105.9 0 0 1919.0 
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TABLE V.5 


AN IMPLEMENTATION PROGRAM FOR COGENERATION USING INDUSTRIAL BOILERS 
WITH MAXIMUM STEAM DEMANDS LESS THAN 100,000 1bs/hr 


CAPITAL, OPERATING, MAINTENANCE AND FUEL COSTS GENERATING CAPACITY (mw) 
(1977 dollars x 103) eat see eee pee te 

- TOTAL TOTAL 

YEAR coc, coc, coc, coc, ANNUAL CAP) CAP, CAF, AVAILABLE 
Se ee SS Te Oe ue CAP ASE TY 

1978 0 ) fs) 22.5 23 0 () (a) 0 
1979 0 ie) 0 47.3 70 0 0 10) 0 
1980 0 0 0 74.5 144 0 0 10) (0) 
1981 0 0 ie) 104.3 248 10) 0 10) 0 
1982 734.5 0 301.0 82.1 1366 Dee 0 5.0 1Oc2 
1983 1542.5 i?) 533.6 57.5 3500 10.9 0 8.9 30.3 
1984 2429.4 1926.1 444.4 30.2 8330 eal 10.7 7.4 65.3 
19 3401.1 5962.6 f°) () 17694 24.0 33.2 ) 122.5 
1986 So 7)e2 8208.3 0 0 29473 20.2 45.7 ie) 193.4 
1987 3749.8 4239.7 0 0 37462 26.4 23.6 1) 243.5 
1988 3937.2 ¥ ie) 0 ie) 41400 aul) 10) 0 2TL 2 
1989 4134.1 0 0 te) 45534 29.1 te) 10) 300.4 
1990 4340.8 is) 0 0 49875 30.6 0 10) 33h20 
1991 4557.8 0 0 10) 54432 S2ae .¢) 0 363.1 
1992 4785.7 0 0 0 59218 Soar 0 0 396.8 
1993 5025.0 i¢) 0 {¢) 64243 35.4 0 .e) 432.3 
1994 5276.3 0 0 0 69519 Sine 0 0 469.5 
1995 5540.1 0 0 0 75059 39.1 i¢} 0 508.5 
1996 5817.1 0 0 fe) 80876 41.0 .e) 0 549.5 
1997 6108.0 0 0 0 869864 43.1 0 0 $92.6 
1998 6413.3 (0) .e) ie) 93375 45.2 ce) 0 637.8 
1999 6734.0 0) 0 0 1000 39 47.5 10) 0 685.3 
2000 7070.7 0 0 oO 106965 49.8 10) 0) VISA 
2001 7424.3 ie) 6) 0 114140 S225 10) 1?) 787.4 
2002 7795.5 0 ie) 0 1209 37 55.0 ie) i?) 842.4 
2003 6185.2 0 ie) 0 124110 Sy 0 10) 900.1 
2004 8594.5 0 0 0 122410 60.6 0 10) 960.7 
2005 9024.2 0 0 10) 114423 63.6 Oo 10) 1024.3 
2006 9475.4 0 0 0 106888 66.8 0 0 1091.1 
2007 9949.2 0 ie) 0 95414 70.1 0 ie) 1161.2 
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TABLE V.6 


AN IMPLEMENTATION PROGRAM FOR COGENERATION 


YEAR TOTAL ANNUAL TOTAL CAPACITY 
COSTS ($M 1977) (mw) 
1978 oa 
1979 3 
1980 Si 
1981 yal | 18 
1982 12.0 99 
1983 32.3 273 
1984 71.9 586 
1985 131.9 1084 
1986 186.7 1464 
1987 206.2 1605 
1988 Pt YW 1762 
1989 243.1 1927 
1990 262.8 2100 
1991 283.6 2282 
1992 305.8 2473 
1993 328.3 2613 
1994 352.3 2884 
1995 377.5 | 3105 
1996 404.0 3337 
1997 431.8 3581 
1998 460.9 3837 
1999 491.2 4106 
2000 522.7 4388 
2001 554.7 4684 
2002 585.0 4995 
2003 605.9 5 322 
2004 604.3 5615 
2005 570.2 6025 
2006 511.4 6403 
2007 438.5 6800 


generating station of equivalent potency ae However, 
Leighton and Kidd make no economic comparison of cogen- 
eration with nuclear stations, and it is this which is 
more appropriate for the present study since it is 
expected by Ontario Hydro that future fossil- fuelled 
stations will only be used to supply peak power, whereas 
cogeneration represents a source of base load power 


given the projected capacity factor of 80%!) , 


In attempting such a cost comparison, a complicating 
factor is that in table V.6. cogeneration is being intro- 
duced over a 30 year period and it is not easy to compare 
this option with that of two or three generating stations 
which are brought on within the space of about 3 years. 
Associated with this is the possibility that the expected 
lifetimes of the equipment may be significantly different 
so that replacement costs would have to be included. 
However, this does not seem to be a problem. Ontario 
Hydro uses a nominal lifetime for a CANDU plant of 30 
years (the useful lifetime may exceed Cs) e This may 
be compared with the results of a U.S. survey of large 
industrial boilers with potential for cogeneration which 
found an average age of boilers of 20.7 years with an 
estimated average remaining life of 18.1 Vedra giving 
a total lifetime of nearly 40 years. In both cases, and 
with large fossil fuel stations as well, it is the life 
of the steam generating facilities, i.e. the reactors 
(nuclear) and boilers (cogeneration and large fossil fuel- 


led stations) which is the limiting factor, rather than 
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the life of the generators, which in any case is likely to 
be similar for the various technologies. Therefore, it is 
reasonable to assume that the three systems of providing 
electric power - nuclear, large fossil-fuelled stations 


and cogeneration - have the same lifetimes. 


Given the assumption of equivalent lifetimes, the economic 
costs of cogeneration and a CANDU station may be compared 
by taking account only of cogeneration capacity equal to 
the 2064 mw of the CANDU station. According to table V.6. 
this amount of capacity could be in place by 1990. 


In order to make the economic comparison on equal terms it 
is necessary to compute the costs of each system on the 
assumption that they produce the same amount of energy. 
This means that even though the introduction of cogener- 
ation, as described in table V.6.,would make it possible 
for some electricity to be generated ahead of the possible 
output from E15, it would penalize the cogeneration option 
unduly to include the costs of producing this energy. 
Indeed, it could be counted as an advantage to have extra 
capacity available sooner with cogeneration than is poss- 
ible with the nuclear plant, but this is not taken into 
account in the economic analysis which follows. In add- 
ition, although cogeneration is expected to operate at an 
80% capacity factor, some 5% greater than that for the 
nuclear station, for the cost comparison both systems are 


assumed to operate at a 75% capacity factor. 
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TABLE V. 7 


COMPARATIVE COSTS OF A 4 x 516 mw NUCLEAR STATION (E.15) AND 
2064 mw OF COGENERATION CAPACITY (1977$) 


YEAR ANNUAL cost! ANNUAL cost” COST OF COGENERATION 

NUCLEAR COGENERATION MINUS 
($m) ($m) COST OF NUCLEAR 
($m) 
1980 i 0) -3.1 
1962 Soar sgh -50.3 
1982 100.2 28.3 = 71.59 
1983 143.8 Heo -70.5 
1984 2ize2 Nes yT MLO) -55.2 
1985 322.4 259 9% -83.3 
1986 pe WBA ZOweG -130.6 
1987 Page its. LO37 1 <15531 
1988 ES SeuL Obs 2 #5933 
1989 68.0 174E5 107.0 
1990 Wi La2Zes 154.7 98.6 
1991.to 42.3 140.9 98.6 
2020 
A te Table III.2 current dollar values changed to constant 1977 


dollars by using Ontario Hydro's Forecasting Series 
November 1976 (25), for nuclear including heavy water, fuel, 
operations and maintenance. 


on Cost data from Chapter III. No specific adjustment made for 
expected increases in the price of fossil fuels relative to 
the general price level, which is broadly consistent with 
Ontario Hydro's November 1976 Forecasting Series (25), since 
the G.N.P. deflator is forecasted to rise more rapidly than 
the price of coal between 1977 and 1985, but less rapidly 
than the price of oil. Capital costs are assumed to be fully 
paid in the year in which the equipment is installed. Operating, 
maintenance and fuel costs are based on the assumption that cogen- 
eration produces as much energy as would be obtained from the 
nuclear plant (see table III.2). 
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Table V.7 shows the estimated annual costs in constant 1977 
dollars, associated with E15 and cogeneration. The fourth 
colum of the table shows the difference in the annual 
costs of cogeneration and a nuclear plant, each capable 

of producing the same amount of energy over a 30 year 
‘period. It is apparent that the capital costs of cogener- 
ation are considerably lower than those for the nuclear 
plant, but the operating and fuel costs are much higher. 
One way of evaluating the stream of cost differences shown 
in the table is to compute its present value i.e. the sum 
of money which, if available in 1977 (the base year) would 
have the same value as the 43 year stream of savings and 


(9) 


expenses : 


The results of such a present value computation are shown 


in table vV.8. 
TABLE V.8 


THE PRESENT VALUE (1977) OF THE COST DIFFERENCES OF 
COGENERATION AND A NUCLEAR PLANT 
PRESENT VALUE ($m) OF 


DISCOUNT COGENERATION COSTS 
RATE MINUS NUCLEAR COSTS 


5% 400 
7% 155 
10% me i 
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Table V.8 shows that with a discount rate of 7% the costs of 
cogeneration exceed that of nuclear power by the equivalent 


Of S155m. 


The present value of the cost differences rises to $400m with 
a discount rate of 5%. However, a discount rate of 10% leads 
to the result that cogeneration is cheaper than a nuclear 


plant by an amount equivalent to $21m. 


It is clear from table V.8 that the cost comparison of cogen- 
eration and nuclear power is ambiguous as it depends on the 
value of the discount rate. Several schools of thought exist 
as to the appropriate discount rate. Although nothing will 
be said here about the merits of each position, it is worth 
noting that the Federal Treasury Board recommends a rate of 
10% in benefit-cost studies, combined with a sensitivity 


analysis using rates of 5% and 15% 61°? 


For the purposes of the present study, it is sufficient to 
conclude that the costs of cogeneration are close enough to 
those of the nuclear alternative for cogeneration to merit 
inclusion in a package of measures capable of reducing the 
requirement for the large generating stations currently 


proposed for Ontario. 


3. INCREASED INSULATION OF RESIDENTIAL BUILDINGS 


On the basis of the information described in the previous 


chapters, increased insulation of residential buildings seems 


= ZO 


to offer the most well documented, reliable and cost 
effective means of reducing the demand for electricity 


without sacrificing any of its services. 


‘Table II.5 displays estimates of electricity that will be 
used for space heating in the absence of increased levels 
of insulation. Table IV.10 shows the estimated savings 
from increased insulation for various types of housing. 
Table IV.11 shows the estimated costs of insulation per 


unit of housing. 


In order to estimate the total electrical energy savings 
from increased insulation the following assumptions about 


implementation and housing stock were used: 


i) Starting in 1979, 10% of existing units per year 
would be insulated to the levels specified in 
Chapter IV. The housing stock in that year, 
assuming a small change from the situation in 
1974, will be 70% single family dwellings, and . 
30% BOAT Emenee Applying these percentages 
to the percentage savings to existing units 
reported in table IV.10 gives a weighted per- 
cent saving from improved insulation to the 
existing housing stock of 22% (12) | This degree 
of savings is phased in over the 10 year period, 


giving an incremental saving per year of 2.2%. 


15) It is assumed that all of the increased use of 


electricity for space heating after 1978 is due 
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to the use of electricity for space heating in 
new residential buildings. Estimates by the 
Ontario Ministry of Energy suggest the mix of 
new apartments and single family dwellings in 


Ontario shown in table V.9. 


By using the projected mix of dwelling units shown in table 
V.9 with the estimated savings per unit in electrical heat- 
ing demand shown in table IV.10 for new apartments and 

single family dwellings, it is possible to estimate the 

total energy Sorgen These estimated savings, includ- 
ing the savings from reinsulating the existing housing stock, 


are shown in the first colum of table V.10. 


It should be noted that the methodology described above does 
not take explicit account of the conversion of fossil fuel 
heated homes to electrically heated homes, even though this 
might be a significant component of the projected increase 
in electricity for space heating shown in table II.5 . How- 
ever, since the savings from reinsulating non-electrically 
heated homes are likely to be greater than those from 
increased insulation in new electrically heated homes, this 
omission would tend to lead to an underestimate of the total 


estimated savings. 


Column 3 of table V.10 shows the estimated savings in peak 
demand associated with the estimated energy savings given in 
column 2. These were obtained by applying a 0.4 coincident 


load factore ten 
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TABLE V.9 


PROJECTED MIX OF DWELLING UNITS 
FOR THE PERIOD 1976-2007 IN ONTARIO 


PERIOD SINGLE FAMILY? APARTMENT 

197 Lim B81 45% 55% 

1982 - 86 42% 5 8% 

1987 - 91 39% 61% 

1992 - 96 37% me (638% 

1997 - 2001 36% 64% 

2002 - 2007° 36% 64% 

Le Includes semi-detached and row houses. 

2s Not included in the Ministry of Energy's projection, 
assumed, in the table, to be the same as for 1997- 
2001. 

Source: Ontario Ministry of Energy. Based on a pro- 


jection of dwelling unit completions for 1960- 
1975 and modified to give a minimum single 
detached penetration rate of 12% in 2001. 
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TABLE V.10 


ESTIMATED ENERGY AND CAPACITY SAVINGS AND 
ANNUAL COSTS FOR INCREASED RESIDENTIAL INSULATION 


ENERGY SAVINGS CAPACITY SAVINGS CosT 1976$ 
YEAR (10° mwh) nw ($m) 
on Noa gi te ee 
1979 4 114.2 88.3 
1980 4] 199.8 55.9 
1981 D2 339.0 86.1 
1982 1.6 456.6 85.2 
1983 1.9 536.7 61.8 
1984 2.3 656.9 87.4 
1985 2.8 799.1 85.3 
1986 3.0 856.1 51.2 
1987 4 970.3 69.6 
1988 3.9 1 PSe0 105.3 
1989 4.4 1255.7 100.7 
1990 4.8 1369.9 88.9 
1991 5.4 1541.0 125.8 
1992 5.7 | 1626.7 62.2 
1993 6.3 1797.9 124.4 
1994 6.7 1912.1 | 83.0 
1995 wee 2054.8 103.7 
1996 7.8 2226.0 124.4 
1997 8.1 2311.6 61.7 
1998 8.9 2340.0 165.0 
1999 9.7 2768. 3 165.0 
2000 10a 2911.0 103.1 
2001 Ts 3139.3 165.0 
2002 11.9 3396.1 “5185.6 
2003 12.6 3595.9 144.3 
2004 1323 3795.7 144.3 
2005 143 4081.1 206.2 
2006 15.4 4395.0 226.8 
2007 16.0 4566.2 1237 
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Table v.10 shows in column 4 the estimated costs of increased 
insulation for each year. Weighted averages of the costs 
shown in table IV.1]1 were used to arrive at the estimates for 
the cost of increasing the level of tteuiatton 

‘One of the most significant results from table V.10 is that 
the average cost of saving 1 kw generating capacity by 
increased insulation is $682 ($1976). (This figure is obtain- 
ed by dividing the summation of the fourth column by the estim- 
ated 4566.2 mw savings reported for 2007.) In any year, the 
cost per kw saved will be somewhat different from this since 

it depends upon the extent to which old housing stock is being 
retrofitted and the proportion of new buildings which are 
apartments. However, these factors tend to cancel out over the 
30 year period. Capacity savings from increasing the insul- 
ation in the existing housing stock are less expensive than 

the savings from increasing the level of insulation in new 
dwellings, and all the retrofitting is assumed to occur in the 
first 10 years. In the later years, an increase in the prop- 
ortion of new dwellings which are apartments is projected and 
the capacity savings from increased insulation in new apart- 
ments are less expensive than the savings from increasing the 


insulation in new single family dwellings. 


Given these opposing trends underlying the cost estimates, the 
30 year average cost per kilowatt saved of $682 is a reasonable 
figure to compare with Ontario Hydro's costs of adding gener- 
ating capacity. From a graph published by Ontario Hydro, the 
capital cost per kilowatt of a CANDU plant, in 1976 dollars, 
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including provision for heavy water (but excluding costs for 
transmission, distribution, extra reserve capacity, decommis- 
sioning, etc.) is $825/kw for a 516 mw unit and $750/kw for 

a 850 mw anit see When the operation, maintenance and fuel 
costs associated with the CANDU plant are taken into account, 
it is clear that it is less costly to save a kilowatt by 


insulation than to produce one by building a CANDU facility. 


4. A PROGRAM OF COGENERATION AND RESIDENTIAL INSULATION 
AS AN ALTERNATIVE TO STATIONS E15 AND E16 - A 
PRELIMINARY ASSESSMENT 


The two previous sections have suggested that cogeneration is 
Ofna comparable cost to that of electricity generated ina 
nuclear plant, and that an increased level of residential 
insulation, which reduces the demand for electricity, is less 
expensive than power provided from a nuclear plantarvaCogener= 
ation and residential insulation are the two measures for 
which the data are most complete. At the same time, they offer 
significant potential for reducing Ontario's requirements for 
large generating stations. It is worthwhile, therefore, to 
consider the combined contribution that these measures could 
make and to compare their costs with those of the generating 


capacity that they could displace. 


In order to make the comparison, a number of assumptions were 
used to the effect that each system produces the same amount 
of energy. As in the previous comparison between cogeneration 
and nuclear capacity, it is assumed that electricity is only 


produced by cogeneration at the same time, i.e. 1987 onwards, 


= 2 


as it would be available from the nuclear plants. It is 
recognized, however, that the increased levels of insulation 
in the years prior to 1989, would reduce the use of coal 

due to the reduction in electrical demand. The value of 
these coal savings was subtracted from the combined costs 


of the cogeneration and insulation. 


Table V.11 shows estimates of the capacity that could be 
obtained as additional supply from cogeneration, and as red- 
uced demand from increased residential insulation in columns 
1 and 2 respectively. The total capacity from these measures 
is shown in colum 3. For the sake of the cost comparison, 
only an amount of cogeneration capacity and capacity saved by 
insulation equivalent to E15 and two units of E16 is consid- 


ered, i.e. 3764 mw.- 


Columns 4 and 5 show the associated costs in constant 1977 
dollars, and column 6 shows estimates of the value of coal 
saved due to the insulation. (These estimates were based on 
the same information and methodology used to generate the 
estimates in tables V.7 and V.10.) The combined total costs 


are shown in column 7. 


Estimates for capacity and costs for the nuclear plants are 
given in columns 8 and 9. Only one half of the capacity and 
half of the costs of El6 are included, since the implement- 
ation programs for cogeneration and insulation described 
earlier in this study are only capable of displacing this 
level of capacity by 1990. The important point is that the 


projected levels of cogeneration and insulation of columns 
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TABLE V.11 


COSTS OF COGENERATION AND RESIDENTIAL INSULATION 
COMPARED WITH NUCLEAR STATIONS E15 AND TWO UNITS OF E16 


CAPACITY COST (1977 $) 
COST 
SAVINGS CAPACITY 5 DIFFERENCE $m 
2 3 FROM 4 (NUCLEAR) COST (COGENERATION 
cocenERATIon? INSULATION TOTAL COGENERATION INSULATION COAL TOTAL E15 (4x5 16nw) + (81977) | + INSULATION 
YEAR (mw) (mw ) (mw ) $m $m $m COSTS $m} E16 (2x850m) $m - NUCLEAR) 
1 2 3 4 5 6 7 8 9 10 


1986 
1987 
1988 
1989 
1990 
sieht 


1992 to 2223 1541 3764 152 0) 0 152 
2021 


a Assumes only 59 mw capacity added in 1991 
Ze Assumes all] capital costs paid in year equipment is installed. 
i Costs from table V.10 escalated by 5% to adjust to 1977 dollars. 


4. Coal savings valued at $11.8/mvh (1975 figure from Ontario Hydro Generation-Technical ( 4») escalated at 7%/assumes 
for 2 years. 


Tables III.2, III.3 current dollar figures deflated using index for nuclear (including 1/2 initial fuel requirement) 
Ontario Hydro Economic Forecasting Series, November 1976 ( a9). 
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1 and 2 can substitute entirely for the 3764 mw of generating 
capacity represented by E15 and two units of E16. 


Column 10 shows the estimates of the cost differences of 
cogeneration and insulation, and nuclear power in each year 
derived by subtracting column 9 from column 7. It is apparent 
that from 1979 to 1981 annual costs are greater for the cogen- 
eration/insulation alternative than for the nuclear one. This 
situation is reversed for 1982-1988, after which the annual 
cost of adding and operating nuclear capacity becomes less than 


that for cogeneration and insulation. 


Table V.12 shows the present value of the stream of cost diff- 
erences shown in column 10,using three discount rates. Ata 
5% rate,cogeneration and insulation are more expensive than 
expanding nuclear capacity,by the equivalent of $279m in 1977. 
This cost difference falls to $78m at a 7% discount rate and 
with a rate of 10%, the nuclear option becomes more expensive . 


by $54m. 


This cost comparison suggests that in Ontario there is an 
alternative to the immediate expansion of nuclear capacity 

after Darlington G.S., which is comparable in cost. When 1tis 
considered that the costs of transmission and transformer 
stations, reserve capacity, decommissioning and long term waste 
management have been omitted from the costs of the nuclear 
plants, it is apparent that the alternative of cogeneration and 
increased levels of insulation may become attractive on economic 


grounds alone. 
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In the sections which follow, implementation programs for the 
other measures considered in the previous chapter are consid- 
ered, culminating in a combined set of measures and an 
estimate of the generating capacity to which they are equiv- 
alent. Detailed cost comparisons of the sort just described 
for cogeneration and increased insulation are not presented 


due to the lack of data. 


TABLE V.12 


THE PRESENT VALUE (1977) OF THE COST DIFFERENCES 
BETWEEN COGENERATION AND INSULATION, 
AND NUCLEAR CAPACITY 


PRESENT VALUE OF 
COGENERATION & 


DISCOUNT INSULATION COSTS MINUS 
RATE NUCLEAR COSTS ($m) 
re 
5% 279 
7% 78 
10% -54 


=1L36= 


¥ IMPLEMENTING IMPROVEMENTS IN THE EFFICIENCY OF 
RESIDENTIAL APPLIANCES 


Table IV.13 shows several estimates of the savings that can 
be obtained from more efficient residential appliances. The 
last row of the table gives averages of these figures and it 
is these which are used in this chapter to estimate the 
potential savings in energy and, with the use of appropriate 
load factors, savings in capacity. For convenience the 


values are repeated in table V.13. 


TABLE V.13 


ENERGY SAVINGS FROM IMPROVEMENTS IN THE 
EFFICIENCY OF RESIDENTIAL APPLIANCES 


APPLIANCE ESTIMATED SAVINGS % 
Water Heaters 16 
Ranges 28 
Lights 30 
Dryers LS 
Refrigerators 43 
Televisions 48 
Air Conditioners 35 


=~L3/= 


Some of these savings can be achieved very quickly while 
others will require equipment redesign and could take many 
vente Reflecting this, the rate of implementation of 
the total savings for each appliance that is assumed is 
shown in table V.14, recognising that there could be diff- 
erent implementation rates for each appliance owing to 


variations among saturation rates and equipment lifetime. 


TABLE V.14 


AN IMPLEMENTATION PROGRAM FOR 
IMPROVEMENTS IN THE EFFICIENCY OF 
RESIDENTIAL APPLIANCES 


ASSUMED % OF TOTAL 
SAVINGS ACHIEVED 


YEAR IN EACH YEAR 
DR AI a cet EO ane Bes iad Seach abet tion abi ELS a Ee 
1979 1 
1980 3 
1981 7 
1982 15 
1983 25 
1984 35 
1985 45 
1986 55 
1987 65 
1988 a8) 
1989 85 
1990 93 
1991 97 
1992 99 
1993 onwards 100 
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By applying the implementation rate described in table v.14 
and the estimated savings of table V.13, to the projected 
use of electricity in the residential sector from table II.5, 
estimated energy savings in each year are obtained. These 


energy savings are shown in table V.15. 


The capacity savings associated with these estimated energy 
savings may be obtained by applying the load factors from 
table Iv.14 to the estimates of energy savings. Estimates of 
the capacity savings possible in each year from 1979 to 2007 
are shown in table v.16. The table indicates that for the 
years 1987 to 1992, those most critical for the present study, 
total capacity savings increase from nearly 1400 mw in 1987 to 
nearly 2800 mw in 1992. This represents a very significant 


reduction in projected capacity requirements for those years. 


6. IMPLEMENTING SOLAR HEATING IN ONTARIO 


As noted in the previous chapter, the I.B.I. Group has estim- 
ated, on the basis of various assumptions, the rate at which 
solar energy is likely to be used in Ontario for space and 

water hearingee. In a subsequent report they examined the 
implications of these estimates for the demand for electric- 


ng and the capacity requirements of Ontario Hydro. 


Two years, 2001 and 2021, provide the focus for this latter 


study, in which the effects on electrical demand and gener- 


ating capacity of using solar energy for space heating, 
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TABLE V.15 


ESTIMATED ENERGY SAVINGS FROM THE INCREASED EFFICIENCY OF 
RESIDENTIAL APPLIANCES (10° mwh) 


WATER REFRIG- CLOTHES 
YEAR HEATING ERATION COOKING LIGHTING TV DRYING TOTAL 


VBA) .014 -023 - 009 - 006 004 -002 2056 
1980 -045 .068 ~U30 -021 sont -007 - 182 
ISL 114 . 166 .070 050 030 -020 . 450 
1982 py . 360 ot 20 . 140 - 080 -045 1.10 
1983 - 448 . 600 .200 240 - 140 .080 g Bey 18, 
1984 ~672 - 900 - 410 - 340 . 200 aL2o 2.10 
1985 922 P36 -540 470 . 350 2162 3.60 
1986 1.18 1.56 EP 48. - 630 - 420 . 250 4.80 
19S 1.46 1.90 - 870 . 740 - 620 2290 >. 90 
1988 Lats 2.0.50 1.000 - 900 . 860 «330 Lalo 
1989 PAROS 2.60 La 15.20 . 980 . 380 8.40 
1990 2250 3505 P30 1.30 L207 - 450 Fo1O 
99 1 2.62 3.26 1.44 Lord Le - 470 Lose, 
L992 2, 3.40 Lwoo 1.90 1.18 20 BB RPS) 
L993 2.94 3.60 1.74 see be2o -990 1.0 
1994 3.00 3. 80 185 A Bee Re! 1.34 - 600 1236 
1995 3240 aye )s) Papont 1298 1.54 - 600 F362 
1996 3. 20 4.09 2.24 Se RS) 1.90 - 600 14.0 
ios), 3.40 4.20 2.46 2.01 2.10 - 630 14.8 
1998 3.00 4.34 2.68 2.04 2.30 - 6 30 Loa 
EN) 3.60 4.64 2.80 2310 2.40 oe Ps) 1623 
2000 3.65 4.82 2.90 2.20 2500 ae P58 16.8 
2001 3.78 4.99 See 2020 2.68 efoU By are 
2002 Eye 7 oes) 3.14 2.40 2.0.5 Pay 2 8, 18.0 
2003 4.00 ae) 3.36 2.46 2.88 E750 18.8 
2004 4.13 5.50 seoS ence 2.88 . 840 abe Pe, 
2005 4.20 a0 ITs 3.00 3.07 - 840 2005 
2006 4.34 6.10 35.96 3.24 3.07 . 840 Ala 
2007 4.45 6.19 3.98 3.66 3.07 960 PRS! 
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TABLE V.16 


ESTIMATED CAPACITY SAVINGS FROM THE INCREASED EFFICIENCY OF RESIDENTIAL 
APPLIANCES (mw) 


WATER REFRIG- : CLOTHES 
YEAR HEATING ERATION COOKING LIGHTING TV DRYING TOTAL 


1979 2 3 3 3 i 1 i 
1980 6 8 10 ey 8) 3 41 
1981 16 18 oe 25 8 10 100 
1982 oT 40 ou 70 20 23 247 
1983 64 67 67 120 35 40 39 3 
1984 96 100 L377 170 50 63 614 
1985 52 | Mie 180 232 88 81 824 
1986 169 173 240 315 105 126 1128 
1987 209 211 290 370 155 145 1380 
1988 250 256 333 . 450 215 165 1669 
1989 299 289 _ 380 600 245 190 2003 
1990 340 337 433 750 268 225 2353 
1991 374 362 480 850 290 235 2591 
1992 399 378 517 950 205 260 2799 
L323 420 400 580 960 300 295 2955 
1994 429 422 617 990 335 300 309 3 
La95 443 439 670 990 385 300 3227 
1996 457 454 747 990 475 300 3423 
1994 48 467 820 1005 525 Sis) 3618 
sie) 7S) 500 482 893 1020 575 315 3785 
E922 514 516 933 1080 600 360 4003 
2000 Daa 536 967 1140 625 360 4149 
2001 540 554 1007 1140 670 375 4286 
2002 553 Wy pS) 1047 1200 670 375 4418 
2003 S71 592 1120 1230 720 375 4608 
2004 590 611 1177 1410 720 420 4928 
2005 600 633 1230 1500 768 420 DLoe 
2006 620 678 1287 1620 768 420 2393 
2007 635 688 E32:7 1830 768 480 5728 
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domestic hot water and residential low grade heating are 
eupinateds In the report several scenarios are deve- 
loped, using high and low implementation rates, and two 
levels of assumed market shares of electrical heating for 


residential, commercial and industrial use. 


Separate analyses are presented for short term and annual 
storage systems. For the annual storage systems all the 
energy savings can be directly converted to power savings 
during the system peak hour. Power savings from short 

term storage systems depend on the availability of off-peak 
energy. The I.B.I. study assumes that electrical back-up 
will be used and estimates that sufficient off-peak energy 
will be available. Other forms of energy could also be 


used as back-up. 


The study estimates that the impact of solar heating on 
the system load factor would cause less than + 1.5% differ- 
ence by 2001, even for the high penetration scenario, with 


and without the use of off-peak electrical energy for back- 


up e 


The assumptions in the I.B.I. study regarding the use of 
electricity for heating in 2001 differ significantly from 
the end use projections described in Chapter II of the 
present study. In order to apply the I.B.I. results, the 
percentage savings in electricity consumption implicit in 
the I.B.I. study were determined and used in conjunction 
with the projections of electrical consumption for heating 


in the three sectors (after allowing for the savings due 
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to increased levels of insulation and improvements in the 


efficiency of the industrial use of electricity). 


Table V.17 shows the derivation of the percentage savings, 
' together with the power savings and equivalent load fact- 


(21) 
ors : 


The ‘high’ and ‘low’ implementation scenarios 
are maintained throughout the analysis wntil all the 
calculations are completed, and then an average 'medium' 
scenario is obtained. For the ‘low’ scenario, less than 
1% energy savings result. The ‘high' scenario shows an 


overall energy saving of more than 13%. 


In table V.18 the percentage energy savings from table 

V.17 are applied to the projected use of electricity for 
Hescind, taken from Chapter II, after allowing for pro- 
jected energy savings due, in particular, to increased 
levels of insulation. The energy savings from solar heat- 
ing are shown and the last column shows the equivalent peak 
savings based on the load factors cited in table V.17. 
These savings are estimated to range from a total of 240 mw 


in the 'low' scenario to 3210 mw in the ‘'high' scenario. 


To obtain an estimate for electrical savings in the years 
prior to 2001, the implementation rate assumed in the I.B.I. 
studies has been adopted. The I.B.I. studies estimate the 
electrical energy savings from solar heating at five yearly 
intervals in the period leading to 2001, for the ‘low' and 
‘high’ Peanavios Ae These savings in the years before 


2001 were converted to a percentage of the savings in 2001, 


as estimated in the I.B.I. study, and applied to the energy 
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savings in 2001 shown in table V.18 of this study. The rcesult- 
ing estimates of energy savings and associated peak savings, 
assuming the use of off-peak electricity (or other fuel) for 


back-up, are shown in table v.19. 


Table V.19 also shows the arithmetic average of the savings 
attributable to the ‘low’ and ‘high' scenarios and it is this 
level of savings which is used in the present study. It should 
be noted that in this 'medium' scenario the savings in energy 
and power are projected to double every five years or less until 


2001. 


By a linear interpolation of the five yearly estimates of table 
v.19 and extrapolation to 2007, estimates of energy and power 
savings due to the implementation of solar heating in Ontario 
at a modest rate are obtained. These estimates are shown in 
table V.20 for the years 1977 to 2007. Of particular signific- 
ance is the estimated capacity savings of 324 mw in 1987 rising 
to 623 mw in 1992, as a result of the implementation of solar 


heating. 
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TABLE V.20 
ESTIMATES OF ELECTRICAL ENERGY AND 
CAPACITY SAVINGS DUE TO SOLAR HEATING IN CANADA 


ENERGY CAPACITY 
SAVINGS SAVINGS 
YEAR (10° mwh) (mw) 
See el? CO rr Rs Sele lta 
1977 .00 e) 
1978 .06 20 
1979 ies 40 
1980 .19 60 
1981 .25 80 
1982 .35 118 
1983 .45 156 
1984 255 194 
1985 .65 232 
1986 .75 270 
1987 93 324 
1988 Ned 378 
1989 1299 432 
1990 ag 486 
1991 1.65 540 
1992 1.90 623 
1993 2.15 706 
1994 2.40 789 
1995 2.65 872 
1996 2.90 955 
1997 3. 36 1109 
1998 3.82 1263 
1999 4.28 1417 
2000 4.74 1571 
2001 5.20 1725 
2002 5.66 1879 
2003 6.12 2033 
2004 6.58 2187 
2005 704 2341 
2006 7.50 2495 
2007 7.96 2649 
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ds IMPLEMENTING ELECTRICAL SAVINGS IN THE INDUSTRIAL 
SECTOR 


Section 10 of Chapter IV concluded that a reduction in peak 
industrial demand of 8% per annum was a reasonable, if 
conservative,estimate of what could be saved by a more eff- 


icient use of electricity by industry. 


Table II.7 in Chapter II displays the end use projection of 
electricity in the industrial sector. This projection is 


repeated in column 2 of table V.21. 


In section 2 of this chapter estimates were given of the 
extent to which industry could generate its own electricity 
by means of cogeneration. If ES is implemented at 
the rate shown in table V.16 and repeated in column 3 of 
table V.21, industry will increase the amount of electricity 
it generates itself and reduce its demand for electricity 

to be supplied by Ontario Hydro. Assuming an 80% capacity 
eon the electricity from cogeneration is shown in 
colum 4 of table V.21 and subtracted from the figures in 
column 2 to arrive at an estimate of the industrial demand 


Se ; : : (24) 
for electricity from Ontario Hydro, given in column 5 : 


This reduced demand for electricity by the industrial sector 

which Ontario Hydro will be expected to provide corresponds 

to the capacity requirements shown in column 6, estimated 
(25) 


with the use of a .8 load factor . It is these capacity 


requirements which can be reduced by 8% per annum if industry 
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practises peak shaving and energy conservation and load 
shifting to the extent concluded as feasible by Ontario 
Hydro for 1974. The estimated capacity savings of such 
measures are shown in colum 7 of table V.21, growing 


from 697 mw in 1987 to 933 mw in 1992 


8. IMPLEMENTING ELECTRICAL SAVINGS IN THE 
COMMERCIAL SECTOR 


Table IV.17 repeated below, shows the estimated potential 
energy savings in various uses of electricity in the comm- 


ercial sector. 


TABLE IV.17 


POTENTIAL ANNUAL ELECTRICAL ENERGY 
SAVINGS IN THE COMMERCIAL SECTOR 


USE POTENTIAL SAVING 
Lighting 40% 
Pumps and Fans © 15% 
Service Motors 7% 
Resistance Loads 7% 


The same rate of implementation as was assumed for the res- 
idential sector (see table V.14) is also assumed to apply 
here to take into account the fact that some of these 


savings will take several years to implement. 
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TABLE V.21 


ESTIMATED CAPACITY SAVINGS DUE TO ELECTRICAL ENERGY 


MANAGEMENT IN THE INDUSTRIAL SECTOR 


INDUSTRIAL CAPACITY 
USE OF ELECTRICAL INDUSTRIAL DEMAND REQUIREMENTS OF 
ELECTRICAL COGENE RATION ENERGY FROM FOR ELECTRICITY ONTARIO HYDRO CAPACITY 
ENERGY CAPACITY COGENE RATION FROM ONTARIO HYDRO BEFORE SAVINGS SAVINGS 

YEAR 106 mwh mw 106 mwh 10° mwh mW! mw 

1 2 3 4 5 6 2 
1979 43.2 0 0 43.2 6164 433 
1930 46.3 ) ) 46.3 6607 529 
1981 49.5 18 at 49.4 7049 564 
1982 53.4 99 .7 52.7 7520 602 
1983 56.5 273 1.9 54.6 7791 623 
1984 61.2 586 4.1 57.1 8148 652 
1985 64.4 1084 7.6 56.8 8105 648 
1986 69.1 1464 10.3 58.8 8390 ev 
1987 7203 1605 ica 61.1 3719 697 
1988 78.5 1762 12.3 66.2 9446 756 
1989 83.3 1927 13.5 69.8 9960 797 
1990 88.0 2100 14.7 7339 10459 837 
1991 94.3 2262 16.0 78.3 11173 Bud 
1992 99.0 2473 L720 81.7 11658 gu} 
1992 106.2 2613 18.3 88.5 12628 Lovo 
1994 113.1 2884 20.2 92.9 13256 L061 
1995 119.4 3105 21.8 97.6 13927 Lila 
1996 127.3 3337 23.4 103.9 L4u26 Lhe 
1997 135.1 3581 | 25.1 110.0 15696 1256 
1998 143.0 3837 26.9 116.1 16567 1325 
1999 150.8 4106 28.8 122.0 17409 1393 
2000 160.3 | 4388 30.8 129.5 14479 Lae 
2901 169.7 4684 32.8 136.9 19535 1503 
2992 180.7 4995 35.0 145.7 20701 1603 
2093 191.7 5322 37.3 154.4 22032 1763 
2004 202.7 5615 39.3 163.4 23316 1265 
2005 215.3 6025 42.2 173.1 24700 1970 
2006 232.6 6403 44.9 187.7 26784 2143 
2007 249.9 6800 47.7 202.2 2885 3 2308 
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By applying the implementation rate described in table v.14 
and the estimated energy savings of table IV.17 to the 
projected use of electricity in the commercial sector from 
table II.6, estimated energy savings in each year are 


26 
obtained. These energy savings are shown in table v.22! ur 


The capacity savings made possible by these estimated energy 
savings were estimated by using the load factors shown in 
table ty,15077), The estimated capacity savings are given 
in table v.23 and show potential savings ranging from 1080 


mw in 1987 to 2250 mw in 1992. 


oe IMPLEMENTING LOAD MANAGEMENT IN ONTARIO 


Virtually all of the savings in capacity that have been 
estimated in previous sections of the report have been based 
on the assumption that the load factor for each use of elec- 
tricity will remain unchanged over the next 30 years. In 
other words, the proportional savings inthe peak demand for 
electricity have been assumed equal to the proportional 
savings in the average demand for electricity, for each use. 
The only exception to this assumption is savings in the 
industrial sector which included Ontario Hydro's estimates of 


the potential for peak shifting in that sector. 


Section 12 of Chapter IV drew attention to the fact that the 
assumed system load factor for Ontario Hydro's system was low 
by international standards and that other utilities have 
succeeded in raising their system load factors by a greater 


use of load management practices. It was concluded that a 


ee Pah 


TABLE V.22 


ESTIMATED ENERGY SAVINGS BY END USE 
IN THE COMMERCIAL SECTOR (10° mh) 


YEAR MOTORS LIGHTING HEATING TOTAL 
1979 302 .04 -OOL .06 
1980 .05 ny .004 a2 
1981 Bae .33 £00 5 
1982 .29 ay) .03 Teel 
1983 -53 Ta .05 2.0 
1984 . 80 20 .07 29 
1985 121. Zed .09 3.9 
1986 J gals) 3.6 a2 S72 
1987 1.8 4.4 225 6.3 
1988 2.3 5.3 .18 7.8 
1989 Peal | 6.4 x: 9.3 
1990 cea! 135 .26 10.9 
1991 3.5 7.8 .29 11.6 
1992 3.9 9.0 ech 13.2 
1993 Anal 9.6 . 34 14.0 
1994 4.3 Os . 36 1427 
1995 4.6 10.6 . 38 15.6 
1996 4.8 11.4 - 40 16.6 
1997 Suh 1220 -43 se tes 
1998 553 12.6 -45 18.4 
1999 5.6 13. 2 -48 19.3 
2000 5.9 14.0 .50 20.4 
2001 6.2 14.8 .53 21-5 
2002 6.6 15.6 Sul 22.8 
2003 7.0 16.4 .59 24.0 
2004 Toa 17.4 .62 25.4 
2005 7.8 18.2 .67 26.7 
2006 8.2 19.2 a0 28.1 
2007 8.7 2001 .75 29.6 
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TABLE V.23 
ESTIMATED CAPACITY SAVINGS FROM THE INCREASED 
EFFICIENCY OF THE USE OF ELECTRICITY IN 
THE COMMERCIAL SECTOR 
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TOTAL 


185 

338 

490 

663 

890 
1082 
1327 
1584 
1851 
1980 
2250 
2392 
2042 
2660 
2833 
2986 
3133 
3293 
3483 
3677 
3890 
4097 
4327 
4557 
4800 
5050 


(mw) 
MOTORS LIGHTING HEATING 
olosty, av et 2: algo walnepiell eine be eel es ane en 

3 6 iL 
8 23 1 
22 55 3 
48 127 10 
88 2os Maa 
133 333 23 
183 450 30 
250 600 40 
300 132 50 
383 883 60 
450 1067 67 
517 1250 84 
583 1300 97 
650 1497 103 
678 1600 113 
708 1683 120 
767 1767 7) 
800 1900 33 
850 1993 143 
883 2100 150 
933 2200 160 
983 2333 167 
1033 2467 WHY 
1100 2600 190 
L167 BUSS 197 
1225 2900 IAQ 7 
1300 3033 223 
1367 3200 238 
1450 3350 250 


70% load factor is achievable in Ontario. In comparison 
with the load factor of 65.8% that Ontario Hydro assumes 
will prevail in the future this would result in consider- 


able capacity savings. 


It would not be legitimate to merely compute the capacity 
savings for each year implied by an increase in the load 
factor from 65.8% to 70% and add this to the capacity 
Savings estimated for the other measures that have been 
considered. This is because the implementation of these 
measures may effect the system load factor (even though 
the load factor for each end use is presumed to remain 
unchanged). To account for this, the aggregated energy 
savings and capacity savings for each year resulting from 
all the measures were computed, so that the new system 
load factor, before load management, could be calculated. 
The load factor for each year from 1979-2007, following 
the implementation of all the measures already discussed, 


is shown in table V.24. 


Table V.24 shows that even without deliberate attempts to 
manage the system load, implementation of the various 
measures described earlier will raise the load factor 
steadily from 66.9%in 1979 to 69.3% in 2007. Given the 
target load factor of 70%, assumed achievable with load 
management, an implementation rate of load management 
practices that raises the system load factor to 70% by 1990 
was used to estimate the capacity savings possible with 
load management. Table V.25 shows the increase in the load 


factor assumed for each year, so that a value of 70% is 
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TABLE V.24 


SYSTEM LOAD FACTOR WITH THE IMPLEMENTATION OF VARIOUS 
ENERGY MEASURES 


YEAR LOAD FACTOR (%) 7 
1979 66.9 
1980 68.9 
1981 66.9 
1982 67.3 
1983 67.4 
1984 67.7 
1985 67.5 
1986 67.5 
1987 67.8 
1988 68.0 
1989 68.2 
1990 68.4 
1991 68.6 
1992 68.8 
1993 68.8 
1994 68.9 
1995 68.8 
1996 68.9 
1997 68.9 
1998 68.7 
1999 69.1 
2000 69.1 
2001 69.1 
2002 69.1 
2003 69.1 
2004 69.2 
2005 69.2 
2006 69.3 
2007 69.3 


1. See previous sections of this chapter. 


2. The load factors were calculated using the formula 
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where: 


t 
LF = Load factor in year t 
c ; 
Ee = Ontario Hydro's energy forecast for 
year t 
c ; : 
E. = Estimated energy savings for year t 
(see table V.28 ) 
M = Ontario Hydro's peak forecast for 
year t 
Me = Estimated peak savings for year t 


(see table v.29) 
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TABLE V.25 


ESTIMATED CAPACITY SAVINGS FROM LOAD MANAGEMENT 


YEAR ASSUMED INCREASE IN CAPACITY SAVINGS 
SYSTEM LOAD FACTOR (%) mw 
1979 0.0 0 
1980 0.0 0 
1981 0.0 0 
1982 0.0 0 
1983 Ore 57 
1984 0.4 127 
1985 0.6 210 
1986 0.8 281 
1987 TO 370 
1988 ee 447 
1989 1.4 525 
1990 1.6 641 
1991 1.4 589 
1992 ie 560 
1993 soe) 567 
1994 ree 567 
1995 ee 658 
1996 Te 649 
1997 1a 664 
1998 he 828 
1999 0.9 617 
2000 0.9 629 
2001 0.9 664 
2002 0.9 684 
2003 0.9 723 
2004 0.8 681 
2005 Ons? 682 
2006 G7 698 
2007 OZ 714 
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reached in 1990 and sustained until 2007. The table also 
shows the capacity savings for each year that would result 
from these increases in the load factor. The estimated 
savings rise from 57 mw in 1983 to 641 mw in 1990, decline 
somewhat for the next five years and then commence an 
upward trend for the rest of the period. The pattern of 
savings reflects the fact that the load factor of the 
system is projected to rise without load management and so 
the relative and, in some years, the absolute savings from 
load management decline once the 70% load factor is reached 


in 1990 and maintained thereafter. 
10. THE OTHER MEASURES 


In addition to the measures that have been discussed in this 
chapter, there are several others which were reviewed in 
Chapter IV. For various reasons there is little more to be 
said about them and so their potential role in displacing 
large generating stations after 1987 will be examined quite 


briefly. 


1) Utilization of Small Hydro Sources 


Section 5 of Chapter IV concluded that 70 mw of additional 
hydraulic capacity is economically competitive with fossil- 
fuelled stations and could be introduced over the next 15 
years. Even though this would make a comparatively small 
contribution to Ontario's electrical energy system, it is 


worth considering as part of an overall program. 
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TL} Wind Generated Electricity 


Wind generated electricity in Ontario is not considered 
capable of competing with other means of providing 
electricity in large quantities. Its primary role is 
likely to be as a substitute for diesel powered gen- 


erators in remote locations. 


iii) District Heating 


District heating, which could play an important role in 
an overall energy strategy for Ontario, cannot be just- 
ified in the narrower context of the present study. The 
reason for this, as explained in section13 of Chapter 
IV, is that district heating is likely to increase the 
requisite generating capacity in Ontario. However, the 
considerable gains in the reduced requirements for 
fossil fuels as a means of space heating, could well 


justify this increase. 
iv) Interconnections 


The discussion of interconnections reported the conclu- 
sion of the Select Committee of the Legislature that 
proper evaluation of Ontario Hydro's existing inter- 
connections could lower Ontario Hydro's requirements 
for reserve capacity by at least 500 mw and perhaps by 


more than 1000 nw. 


If this conclusion is accepted then future additions to 


Ontario Hydro's capacity can be reduced by these amounts. 
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The present study takes no position on this particular 
issue and only notes the possibility that Ontario Hydro's 
proposed expansion plan exceeds what is required to meet 


its own load forecast by several hundred megawatts. 
TP. A ROLE FOR ELECTRICITY GENERATED FROM BIOMASS 


Section 3 of Chapter IV concluded that from 1985 onwards, 
there will be sufficient collectable biomass to support 

a generating capacity of 750 mw at a 70% capacity factor. 
The cost figures cited in section 3 can be used to 
evaluate the cost competitiveness of generating electric- 


ity from this source. 


In this section the costs of a single 750 mw coal fired 
unit are compared with five 150 mw units using biomass as 


fuel. The estimated costs of each are shown in table V.26 


TABLE V.26 


COMPARATIVE COSTS OF GENERATING ELECTRICITY 
FROM BIOMASS IN 150 MW PLANTS, 
AND FROM COAL IN A 750 MW UNIT 


1 2 
cosTs (1985 dollars) BIOMASS COAL 
Capital $/kw 1,200 550 
Operation & Maintenance $/kw 20 10 
Fuel $/kwh 0.03 Om 7 
Le Biomass - see section 3, Chapter IV. 

23 Coal - Ontario Hydro, Generation-Technical, (40 ) 


Escalation factors from Forecasting Series, 
November 1976 used to adjust fuel costs. 
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The costs in table V.26 provide the basis for a present 
value comparison of the two options. Table V.27 shows 
the results of such a comparison for three discount 


rates and for three capacity factors. 


TABLE V.27 


PRESENT VALUE OF THE COST DIFFERENCES OF GENERATING 
ELECTRICITY FROM 5 X 150 MW BIOMASS-FUELLED UNITS 
AND 1X 750 MW COAL-FIRED UNITS ($/M 1985) 


CAPACITY FACTOR 


DISCOUNT RATE 70% 50% 30% 
5% $387m $104m -$276m 
7% $219m -$10m -$318m 


10% $49m -$125m -$359m 


Table V.27 shows the tremendous sensitivity of the results to 

the size of the discount rate and the assumed lifetime 

capacity factor. Regarding the capacity factor, it is worth 

noting that a lower figure is probably more appropriate in the 

Ontario context since Ontario Hydro proposes to use additional 
(28 


coal fired facilities primarily for peak power de However, 


Ontario Hydro has indicated the following lifetime capacity 


factors for its proposed coal fired otante 
1985 = 2000 : 65% declining to 45% 
2000 onwards : 45% declining to 30% 
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In light of these ambiguous results and given the uncertain 
nature of the cost estimates which underlie them, it cannot 
be concluded unequivocably, that small scale biomass- fuel- 
led plants are cost competitive with a large scale coal 

fired unit. The J.P.R. study Viol which also compared biomass 
and coal plants, concluded that, for Vermont at least, coal 
was cheaper than wood. (Solid waste as a fuel was not 
considered.) It noted, however, that there are several 

other reasons, such as job creation and increased reliance 

on indigenous renewable resources, which could justify the 


construction of wood-fuelled plants. 


The J.P.R. study concluded that "the use of wood as a fuel for 
electrical generation in Vermont should be vigorously 

» (30) 
pursued 


Ryne he Goal 


, a recommendation fully supported by the Mitre 


Some attention should also be given to the arguments that 
smaller stations might be more suitable for incorporation 
within district heating schemes. Moreover, they require 
less reserve capacity than large stations of equivalent 
overall capacity, and can probably be built with shorter 


lead times. 


Bearing in mind all these considerations, it is not un- 
reasonable to assume that five 150 mw capacity stations 
using biomass as fuel could provide a viable alternative 
to one 750 mw coal fired unit, and could be in service by 


1992. 
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¥en CONCLUSION 


In the previous sections of this chapter, implementation 
programs for each of the measures were considered taking 
full account of any interrelationships. The energy and 

capacity savings resulting from these measures can there- 
fore be aggregated to arrive at an overall assessment of 


possible savings in each year to 2007. 


Table V.28 shows the estimated energy savings in each year. 
The combined savings from cogeneration and residential 
insulation are shown in column 3, and a grand total of all 


savings for each year is shown in colum 8. 


This last column indicates that, if all the measures consid- 
ered in the table are implemented, there will be a reduction 
in the annual demand for energy to be supplied by Ontario 
Hydro which rises from 2.4 x 10° moh in©1979"tol7L3l. 7 ox 10° 


mwh in 2007. 


Table V.29 shows the capacity savings which correspond to 
the energy savings of table V.28. A sub-total for the 
capacity savings resulting from cogeneration and increased 
residential insulation is given in colum 3, and a grand 


total of all savings is given in column 9. 
Column 9 shows that Ontario Hydro's expansion program could 


be reduced by an estimated 671 mw in 1979 and by as much as 


27,807 mw in 2007 if all the measures were implemented. 
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TABLE V.28 


A SUMMARY OF THE ANNUAL ENERGY SAVINGS DUE TO ALL THE MEASURES 


(10° mwh) 
RESIDENTIAL SUB-TOTAL RESIDENTIAL SOLAR EFFICIENCY EFFICIENCY 
YEAR COGENERATION INSULATION (1 & 2) APPLIANCES HEATING — IN IN TOTAL 
COMMERCIAL INDUSTRIAL 
SECTOR SECTOR 
1 2 3 4 5 6 7 
1979 0 4 4 ep rae ap} dad 2.4 
1980 0 7 od Sy} ae a2 1.9 i APS 
1981 ree Lee is 5 wo. ot: 2.0 4.6 
196z Paid Ls 6 PASS ae 4 ital reat 7.0 
1983 1.9 1.9 3.8 La ais 2.0 2.2 10.2 
1984 4.1 7 es} 6.4 PIT] 6 2.9 2.3 14.9 
1985 7.6 2.8 10.4 3.6 ae 3.9 2.3 20.9 
1986 10.3 3.0 Le3 4.8 8 5.2 2.4 26.5 
1987 V2 3.4. 14.6 5.9 9 6.3 2.4 30.1 
1988 12.3 3.9 16.2 ying Yel 7.8 2.6 34.8 
1989 13.5 4.4 17.9 8.4 a RYE | 9.3 2.8 39.7 
1990 14.7 4.8 19.5 9.7 LS 10.9 2.9 44.5 
1991 16.0 5.4 21.4 10.7 Be | 11.6 3.1 48.5 
1992 Liss Sa7 23.0 dies 1.9 13.2 3.3 §2.7 
1993 18.3 6.3 24.6 12.0 Ze 14.0 3.6 56.4 
1994 20.2 6.7 26.9 12.6 2.4 14:7 BPR / 60.3 
1995 21.8 7.2 29.0 a De he PRE! 15.6 3.9 64.4 
1996 23.4 7.8 31.2 14.0 2.9 16.6 4.2 68.9 
1997 oh a | 8.1 33.2 14.8 3.4 17.5 4.4 73.3 
1996 26.9 8.9 35.8 15.5 3.8 16.4 &.6 7u. 1 
1999 28.8 9.7 38.5 16.3 4.3 19.3 4.9 83.23 
2000 30.8 10.2 41.0 16.8 4.7 20.4 5.2 88.1 
2001 32.8 11.0 43.8 17.5 5.2 21.5 $.5 93.5 
2002 35.0 11.9 46.9 18.0 5.7 22.8 5.8 99.2 
2003 37.3 12.6 49.9 18.8 6.1 24.0 6.2 105.0 
2004 39.3 13.3 52.6 19.7 6.6 25.4 6.5 110.8 
2005 42.2 14.3 56.5 20.5 7.0 26.7 6.9 117.6 
2006 44.9 15.4 60.3 21.5 eS) 28.1 7.5 124.9 
2097 47.7 16.0 63.7 22.3 8.0 29.6 8.1 131.7 
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TABLE V.29 


A SUMMARY OF THE ANNUAL CAPACITY SAVINGS DUE TO ALL MEASURES 


(mw) 
RESIDENTIAL SUB-TOTAL RESIDENTIAL SOLAR EFFICIENCY IN EFFICIENCY IN LOAD 
YER COGZNE RATION INS ULATION (1 & 2) APPLIANCES HEATING COMMERCIAL INDUSTRIAL MANAGEMENT TOTAL 
SECTOR SECTOR 
1 2 3 4 5 6 7 8 9 


1979 9 114 114 13 40 10 493 0 671 
1980 ie) 200 200 41 60 32 529 e) 862 
1981 18 339 387 100 80 80 564 ce) 1181 
1982 99 457 556 247 118 185 602 te) 1708 
1983 273 537 810 393 156 338 623 57 2377 
1984 586 657 1243 616 194 490 652 127 3322 
1945 1984 799 1883 824 232 663 648 210 4460 
1986 1464 856 2320 1128 270 890 671 281 5560 
1987 1605 970 2575 1380 324 1082 697 370 6423 
1988 1762 1113 2875 1669 378 1327 7386 447 7452 
1989 1927 1256 3183 2003 432 1584 797 $25 8524 
1990 2100 1370 3470 2353 486 1851 837 641 9638 
1991 2282 1541 3823 2591 540 1980 894 $89 10417 
LIDZ 2473 1627 4100 2799 623 2250 933 360 11265 
SUE IE NE) 2613 1798 4411 2955 706 2392 1010 $67 12041 
1994 2384 1912 $796 3093 789 2512 1061 $67 12848 
1995 3105 2055 5160 3227 872 2660 1114 658 13691 
1996 3337 2226 $563 3423 955 2833 1186 649 14609 
1997 3581 2312 5893 3618 1109 2986 1256 664 15526 
1998 3837 2340 6177 3785 1263 3133 1325 828 16$511 
1999 4106 2768 6874 4003 1417 3293 1393 617 17597 
2999 4388 2911 7299 4149 1571 3483 1478 $29 18609 
2901 4684 3139 7823 4286 1725 3677 1563 664 19738 
2002 4995 3396 8391 4418 1879 3890 1663 684 20925 
2002 5322 3596 8918 4608 2033 4097 1763 723 22142 
2004 S615 3796 9411 4928 2187 4327 1865 681 23399 
2905 6025 4061 10106 $151 2341 4557 1976 682 24813 
2906 6403 4395 10798 5393 2495 4800 2133 69a 26327 
2907 68090 4566 11366 $728 2649 5050 2308 Tila 27307 
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In addition to this, there is 750 mw that could be available 
from small generating stations utilizing biomass as fuel, 
and 70 mw from small hydro sources. This extra capacity of 
more than 800 mw can be added to the last column of table 
v.29 from 1990 onwards, allowing time for planning and 


construction of the facilities. 


Table V.29 shows that between 1987 and 1993 the capacity 
savings rise from an estimated 6,428 mw to 12,041 mw. 
Comparing this with the 11,464 mw of the first four stations 
proposed by Ontario Hydro after Darlington G.S., it appears 
that all four stations could be dispensed with if the alter- 
native measures are implemented. However, this does not 
necessarily mean that no new large generating stations will 
be required until after 1993 since there is some overlap 
between the timing of the last units of E17 and E18 and the 
timing of the first units of the next three stations: E19, 
E20 and E21. In order to clearly answer the question as to 
how long the introduction of new large generating facilities 
could be postponed after Darlington G.S., it is necessary to 


examine Ontario Hydro's expansion plans in more detail. 


Table v.30, column 2, shows for the years 1987 to 2007, the 
cumulative amount of capacity Ontario Hydro proposes to 


install (in the East system‘ >? 


) after Darlington G.S. 
Column 3 of the table shows the estimated capacity savings 
that would reduce the requirement for additional capacity 
from Ontario Hydro. The fourth column shows the difference 
between Ontario Hydro's proposed expansion program and 


these capacity savings. In 1987, there would be a surplus 
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TABLE V.30 


A COMPARISON OF ONTARIO HYDRO'S CAPACITY EXPANSION 
PROGRAM AND THE ESTIMATED CAPACITY SAVINGS 


ONTARIO HYDRO'S ESTIMATED NET CAPACITY 


(EAST SYSTEM) 1 CAPACITY REQUIREMENTS 
YEAR (mw) SAVINGS2 FOR ONTARIO HYDRO 
(mw ) (mw ) 
ee ea ee Me Ol ener rea? cine aed ¢) PEE ay, PN eS I 
1987 516 6428 -5912 
1988 1882 7452 -5570 
1989 5264 8524 - 3260 
1990 8464 9628 -1164 
1991 11664 10417 1247 
1992 14464 11265 3199 
1993 18014 12041 5973 
1994 21164 12848 8316 
1995 26564 13691 12873 
1996 31664 14609 17055 
1997 36764 15526 21238 
1998 41414 16511 24903 
1999 46514 17597 28917 
2000 51614 18609 33005 
2001 57014 19738 37276 
2002 65664 20925 44739 
2003 71164 22142 49022 
2004 78164 23399 54765 
2005 85664 24813 | 60851 
2006 95914 26327 69587 
2007 104914 27807 77107 
nea Ontario Hydro LRF 48A ( Appendix B ee 


Ze Table V.29> 


=—l6os= 


capacity of nearly 6000 mw. This declines rapidly and in 
1991, Ontario Hydro would be required to provide 1247 mw 
of new capacity. Of this amount, 750 mw could come from 
five 150 mw plants using biomass as a fuel and 70 mw could 
come from small hydro sources. As a result the capacity 
requirements for Ontario Hydro in that year would be 
minimal. In 1992 an addition of almost 2000 mw would be 
required. Therefore, this is the time when the next large 
station after Darlington G.S. would be required to satisfy 
Ontario Hydro's load forecast, if the measures described 


in this report are implemented. 


Having answered the question posed in Chapter I, it is 
important to recognize that the purpose of asking it was 
not to define the ideal energy strategy for Ontario. 
Rather it was to provide a focus for examining the extent 
to which real alternatives are available in Ontario with- 
out questioning Ontario Hydro's forecast of load growth. 


On the basis of the assumptions and estimates that have 
been detailed in this report, it appears that there are a 
number of alternatives of comparable cost to the proposed 
construction of large generating stations due to enter 
service in the next 10-15 years. This suggests that the 
ongoing debate about energy policy need not be constra- 
ined by a lack of alternatives. 
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FOOTNOTES 


10. 


Ate Be 


LZ. 


Leighton and Kidd, Industrial By-Product Power, 1977, (22) 


The implementation program suggested by Leighton and Kidd 
only allows for the first two of these activities. 


The values for U2 for the largest category of maximum 
Steam demands when applied to MSDU give the result that 
75% of the steam demands in 1977 are ultimately retro- 
fitted for cogeneration. 


Capital costs are amortized over 20 years at a 10% rate of 
interest. 


Leighton and Kidd, p. 19-21 (22) 
Leighton and Kidd, p. 14 (22) 
Ontario Hydro, Generation-Technical, p. 21-67 (40) 


R.F. Dittrich and K.D. Allon, PSE and G Cogeneration 


Evaluation, Report No. 36.76.12, 1977, (9) 


The formula for the present value used in the calculations 
is : 
42 D, 
PV = 2f 


C= 3 (1 + r)t 


where PV is present value, Dt is the cost difference in 
year t and r is the discount rate. Initially t is set at 
3 so that the present value calculation produces a value 
FOL GLI. 


Treasury Board, A Guide to Benefit-Cost Analysis, 1976 (57). 
Note that a rate of 15% would significantly increase the cost 
advantage of cogeneration. 


Ontario Hydro, Memorandum to the Board of Directors, 1976 
Schedule D ( 33. ) The housing stock in 1974 was 72% single 
family and 28% apartments. 


Weighted percent saving .7(.23 x 77.5) + .3 (.15 x 28.3) — 
a has <A ae US (See xe25.53) 


22.4% 
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13. 


14. 


15. 


16. 


i. 


18. 


192 


20. 


Zi. 


The equation used is ES,= E, x (.458 - .09 
ee 575 Ss.) 
© t 
where ES. = energy saved in year t, E = energy used in the 
absence of increased insulation, S. = proportion of new 
dwellings that are single family in year t. 


Ontario Hydro, Memorandum to the Board of Directors, 
Schedule C, Table 4 (32) 


The equation used for new dwellings is cst = 296 - 66.3 
3/8 + Ss. 


where cs” = cost per mwh saved in year t in an average 
new dwelling, S, = proportion of new dwellings that are 
single familyin year t. 


The equation used for existing dwellings is : cs® = (.7 x 
$950 + .3 x $75) = $687.5 

where CS° = cost per average existing unit. 

This corresponds to a weighted energy saving per existing 
unit of 4.03 mwh, giving a cost per mwh saved in existing 


buildings of $170.6. 


Ontario Hydro, Generation-Technical, Vol. 1, Fig. 2.1. 8-l 
( 40) 


T.T. Woodson, “Residential Energy Use" Efficient ey 
Use, C.B. Smith (ed.) (55) 


I.B.I. Group, Solar Heating: An Estimate of Market Penetr- 


ation, 1977 (18) 


I.B.I. Group, Impact of Solar Heating on Electrical Power 


Generation in Ontario, 1977 (19) 


The possibly significant use of solar energy for commercial 
water heating was not considered. 


The load factors should aoe be interpreted as the load factor 
for solar heating in the normal sense. Theoretically, if 


solar systems usedno power at peak they would have an infinite 
load factor. This equivalent load factor is useful in translating 
solar energy savings into electrical power savings at peak. 
Columns 1, 2 and 4 in Table V.17 are derived from (19), Exhibit G, 
Exhibit 7 and Exhibits 10 & 13 respectively by averaging values 
for Scenarios 1 and 2. Columns 3 and 5 are derived from the other 


columns. 
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I.B.I. Group, Solar Heating, 1977, Exhibit 46 (18) 


Leighton and Kidd, Industrial By-Product Power, 1977, 
(22) 


The cogeneration capacity represents additions to the 
installed cogeneration capacity currently in place. 


See p. 88 

Owing to a small error, the estimated savings for 
heating in the years 1997-2007 were based on estimates 
of electricity used for heating somewhat lower than 


the figures given in table II1.6. 


A weighted average of the load factor for pumps and 
fans, and service motors was used. 


See p.32 
Personal communication from Ontario Hydro. 


J.P.R. Associates, The Feasibility of Generating 
Electricity in the State of Vermont, 1975 (20). 


Mitre Corporation, Conference on Silviculture Biomass 
Plantations, 1977, (26). 


Ontario Hydro, LRF 48A (Appendix B). 
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APPENDIX A 


THE END USE OF 
ELECTRICITY IN ONTARIO, 1987-2007 


A QUESTIONNAIRE 
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Middleton Associates 


Research Consultants 
Energy, Resources and Environment 


Dear 


As we discussed, the Royal Commission on Electric Power 
Planning is funding a project to determine what measures 
could be taken in Ontario to reduce the electrical demand 
from Ontario Hydro sufficiently to postpone the require- 
ment for another generating station after Darlington (as 
proposed in LRF 48A). 


In order to accomplish this task it is necessary to fore- 
cast an end use mix that is consistent with Ontario 
Hydro's 1977 load forecast (No. 770214). 


As a first step I have disaggregated Ontario Hydro's fore- 
cast of peak demand for 1977 to 2007 into residential, 
commercial and industrial end uses, using the proportions 
that applied in 1974. (Energy Utilization and the Role of 
Electricity, Ontario Hydro 1976, Tables 6-2-6 and 6-2-11.) 
The projections are displayed in the attached figures II, 
LL vanaad Vis 


There are several reasons for thinking that both the sect- 
oral split and the split among end uses within each sector 
will change over the next 30 years and I would greatly 
appreciate your opinion on this specific matter. To this 
end I have prepared a very brief questionnaire for you to 
complete and return as soon as possible. After I have 
received all the completed questionnaires, and if time 
permits, I will inform you of the average group response to 
each question and give you the opportunity to revise your 
answers in the light of the views of others. 


If you require any further explanation or more information 
please call me at 961-5136. 


Thank you for your co-operation. 


Yours sincerely, 


Peter A. Victor 


980 Yonge Street, Suite 404, Toronto 
PAV/bvs Canada, M4W 2J9 (416) 961-5136 


THIS PAPER CONTAINS RECYCLED DE-INKED FIBRE 


A QUESTIONNAIRE 


I__ PURPOSE 


This questionnaire is designed to solicit the views of a few people 
who have considerable knowledge of energy issues, regarding the end use 
of the load growth that has been forecast by Ontario Hydro. A copy 


of the 1977 load forecast is attached. 


For the purpose of the study for which this questionnaire is being 
used, the forecasted, aggregate load growth is accepted as given. Our 
specific interest is in the distribution of the forecasted load among 
the residential, commercial and industrial sectors, and among the 
various end uses within each sector. Accordingly, you are not asked 
to assess the accuracy of the load forecast but only to state your 
views on the proportion of the load that you think will be. accounted 
for by each sector and end use. As far as possible your end use 
forecast should be consistent with the assumptions underlying Ontario 


Hydro's load forecast, even if you do not agree with these assumptions. 


=1/2= 


It BACKGROUND INFORMATION 


A copy 


of Ontario Hydro's February 1977 forecast of “December primary 


peak demand" is attached (see figure I). The principle assumptions 


underlying this forecast.are: 


i) 


12) 


iii) 


iv) 


v) 


v1) 


vii) 


eed) 


A somewhat lower rate of economic growth in the short-term 
than existed in the 1960:s. 
The increasing price of electricity and appliances will tend 
to be offset by increasing prices and possible short-falls 
of competing fuels. Allowances have been made for the effect 
of prices upon both peak demand and energy demand. 
Load management (non-price) to curtail loads in peak periods 
has not been allowed for. 
The effect of the 1973 oil crisis on prices and incomes is 
assumed to be permanent and increasingly depressing on the 
economy. 
The forecast takes account of the conservation targets 
established by Ontario Hydro. 
Beyond 1986 a decline in the growth rate of peak demands is 
assumed, and reflects a possible pattern of income growth 
consistent with today's demographic trends. 
During the 1990's it is recognised that the world may face 
a severe oil crisis. This will tend to inhibit economic 
growth, encourage the development of alternative energy 
technologies, and may lead to increased reliance on electricity. 


Typical weather conditions are assumed. 


= ioe 


By applying a load factor, Ontario Hydro's forecast of peak demand 
has been converted into an equivalent forecast of energy demand. 
Figures II, III and IV display an end use forecast utilizing the 
percentage distribution of electricity demand among end uses that 
prevailed in 1974. These percentages are held constant over the 


30-year period. 


This particular end use forecast is intended only to provide you with 


a benchmark to assist you in making your own forecast. 


Some historical data are provided with each question. All of these 
data are taken from Energy Utilization and the Role of Electricity, 
Ontario Hydro submission to the Royal Commission on Electric Power 
Planning, April 1976. For further background information, that 


document should be consulted. 
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4 ap fy 8 THE QUESTIONS 


Please respond to these questions by writing percentage figures in 


the various*tables. 


Question mf 


What do you think the distribution of electricity use in each market 


sector will be? 


2007 


- ee ee ee 


1966 nega 1974 


Sector © 


Residential 


Comme rcial 


Industrial 


L00.077 10070" 10070 


Question 2 


What do you think the distribution of electricity among end uses will be 
in the RESIDENTIAL sector? (See attachment) 


End Use LOS 1 1961 137) 1974 . 1987 1997 2007 


Misc. 


Clothes Drying 
Air Cond. 
TV 

Lighting 
Stove Cooking 
Refrigeration 


Space Heating 


ae eae ee eee Se Ce Ee 


Total 100.0 100.0 


pm a a a na a ee a | ee 


17 o— 


Question 3 
What do you think the distribution of electricity among end uses will be 


in the COMMERCIAL sector? 


End Use 1987 1997 2007 


a ne | ee ee 


Motors 
Heating 
Lighting 


Other 


Question 4 


What do you think the distribution of electricity among end uses will be 


in the INDUSTRIAL sector? 


Motors 
Heating 


Lighting 


Other 


ne te ee ee ere eee 


CONFIDENTIALITY 


Do you wish your response to be confidential (please circle appropriately) ? 


YES NO 
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ONTARIO HYDRO 
AVG. RESIDENTIAL CONSUMPTION BY END-USE 


8778 


NAIR COND. 


\ 


| .7 


5 Ns 
5 fi 
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KCIHOVBARBBRSABETD DICE CRRA 


| ‘LIGHTING 
STOVE 


| COOKING 


| SPACE HT'G 
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=| WATER HT'G 


1974 


1971 


1961 


1951 


1977 
1978 
1979 
1980 
1981 
1982 
1983 
1984 
1985 
1986 
1987 
1988 
1989 
1990 
1991 
1992 
1993 
1994 
1995 
_ 1996 
1997 
1998 
1999 
2000 
2001 
2002 
2003 
2004 
2005 
2006 
2007 


TOTAL 


16614 
17802 
18954 
20251 
21577 
22968 
24400 
25921 
27562 
29333 
31197 
33172 
35264 
37481 
39831 
42316 
44950 
47734 
50682 
53702 
56901 
60291 
63883 
67689 
71722 
75996 
80525 


~ 85324 


90410 
95798 
101509 


Forecast 


ES 


15717 
16880 
17959 
19189 
20480 
21806 
23180 
24640 
26217 
27921 
29714 
31615 
33629 
35765 
38029 
4O424 
42963 
45648 
48492 
51402 
54486 
57755 
61220 
65893 
68787 
72914 
77289 
81926 
86842 
92052 
97575 


FIGURE 1 


LOAD GROWTH SCENARIOS 
(DECEMBER PRIMARY PEAK DEMAND) 
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Middleton Associates 


Research Consultants 
Energy, Resources and Environment 


August 24, 1977 


Dear 


On behalf of Peter Victor, thank you for responding to the 
questionnaire requesting an estimate of the possible distribution 
of electricity use in Ontario in a period covering the next 

30 years. In Dr. Victor's letter to you, June 16, 1977, he 
indicated that once completed responses would be aggregated, 

you would have an opportunity to run thraugh the process a 
second time. 


In the accompanying document you will find the results of the 
initial responses, a reiteration of the assumptions involved 
and the blank questionnaire for you to fill out. It is hoped 
that you will be able to respond to this aecend questionnaire 
within the next two weeks. 


If you require any further information, call Peter Victor or 
myself, Jack Lubek, at 961-5136. 


Again, thank you for your cooperation. 


Yours sincerely, 


Jack Lubek 
JL:ed 


Encl. 


980 Yonge Street, Suite 404, Toronto 
Canada, M4W 29 (416) 961-5136 


THIS PAPER CONTAINS RECYCLED DE-INKED FIBRE 


THE END USE OF ELECTRICITY IN ONTARIO, 1987-2007 


SECOND ROUND - QUESTIONNAIRE 


Ty Purpose 


The purpose of the second round of this questionnaire is to obtain 
estimates. of electricity consumption by end use in light of estimates 
made by others. The conclusions from the first round of estimates 
are provided in Table 1 to Table 4 for the years 1987, 1997 and 2007. 
The first figure indicates the average of seven responses while the 
second figure is the statistical standard deviation, suggesting the 


extent of agreement of the estimates. 


Some of the respondents in the first round have requested confidentiality 
of their answers. Partly as a result of this request no individual 
details are béing provided from the first round; this implies that 


results from any individuals are being returned for reference. 


To remind you of the basis for the estimates in round one as well 
as to reiterate the assumptions for round two, the following repeats 


some of the information provided to you originally. 


For the purpose of the study for which this questionnaire is being used, 
the forecasted, aggregate load growth is accepted as given. Our 

specific interest is in the distribution of the forecasted load among the 
residential, commercial and industrial sectors, and among the various 

end uses within each sector. Accordingly, you are not asked to assess 
the accuracy of the load forecast but only to state your views on the 
proportion of the load that you think will be accounted for by each 
sector and end use. As far as possible your end use forecast should be 
consistent with the assumptions underlying Ontario Hydro's load forecast, 


even if you do not agree with these assumptions. 


=186— 


I_(a) FIRST ROUND RESULTS 


Table 1 


What do you think the distribution of electricity use in each market 


sector will be? 


Sector 1966 1971 1974 1987 1997 2007 
pete a ie OFS 2 Bee pie gee ieee 
Residential] 28.8 31.0 31.4 30.0,3.6 27.3,6.4 |[24.4,9.1 
Comme rcial 20.3 22.4 27.2 28.4,3.6 30.4,7.3 30.3,9.9 
Industrial 


45.3,9.9 


Total 


ene we we we ee eee 


Table 2 
What do you think the distribution of electricity among end uses will be 


in the RESIDENTIAL sector? (See attachment) 


End Use 1951 1961 1971 1974 1987 1997 2007 
Misc. 8.2 5.3 5.4 i238 8.2,2.4 9.5,2.4 9.5,4.4 
Clothes Drying 0.0 2.7 4.1 4.3 4.7, .8 4.2,1.3 4.2,1.8 
Air Cond. 0.0 | 0.0 0.7 1.0 aegis 370725) Qn Lipo ee 
TV oe. hades tava ie 5.5.1 2u]) 5 48,204 AAR ES 
Lighting 15.6 10.4 8.6 7 BS | 7.6,1.3 8.0,3.0 8.875:.2 


10.4,4.2 10.7,6.4 


Stove Cooking r339.. 1262: 3454 1067 —9.8,1.6 


12.9,4.9 13.4,7.8 


Refrigeration 6.7 9.4 14.8 13.8 124:97,2<1 


25.8,13.6 28.4, 22.9 


Space Heating Sard 4.7 17.8 20.2 23.7,4.3 


4735. 50-8 32.4 (29°.8 25.4,1.4 | 20.2,4.1 15.0,9.3 


a ee ee ee rn me ee ee ee es ee we wee ene + + ee 


100.0 100.0 100.0 100.0 


a EL ee ee Se ee ee ee “2 = ee eee 


Water Heating 


Total 


* The first number represents the average for seven responses while the 
second number represents the statistical standard deviation. 
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Table 3 


What do you think the distribution of electricity among end uses will be 


in the COMMERCIAL sector? 


End Use 


Motors Cy We en 52.3,6.9 52 dk, lide 
Heating 6.4,3.3 9.0,8.0 11. 413-6 
Lighting 36.1,3.4 32.6,4.6 293,56. 3 

T2Y Part 


Table 4 


What do you think the distribution of electricity among end uses will be 
in the INDUSTRIAL sector? 


End Use 1997 2007 


wee 


Motors [on apese 135k ¢o.8 70.1, 1254 
Heating 14.6,2.1 OES piduo 19.4,15.0 
Lighting 9.6,1.0 8.9,1.9 6.1, 73.0 
Other 0.6,0.8 Lota 1.4204 


we ea ee he ee ee eee 


Total 
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III SECOND ROUND QUESTIONS 


Please respond to these questions by writing percentage figures in 


the various tables. 


Question 1 


What do you think the distribution of electricity use in each market 


sector will be? 


‘Sector 1966 1971 1974 1987 1997 2007 


Residential 


Comme rcial 


Industrial 46.6 41.4 


100.0 100.0 100.0 


Question 2 


What do you think the distribution of electricity among end uses will be 
in the RESIDENTIAL sector? (See attachment) 


End Use 1951 1961 1971 1974 1987 1997 2007 


Misc. 

Clothes Drying 
Air Cond. 

TV 

Lighting 
Stove Cooking 
Refrigeration 
Space Heating 


Water Heating 


Total 100.0 100.0 100.0 100.0 
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Question 3 


What do you think the distribution of electricity among end uses will be 
in the COMMERCIAL sector? 


End Use 1974 1987 1997 2007 


Motors 
Heating 
Lighting 


Other 


Total 


Question 4 


What do you think the distribution of electricity among end uses will be 
in the INDUSTRIAL sector? 


End Use 1974 1987 1997 2007 


Motors 
Heating 
Lighting 


Other 


Total 100.0 


CONFIDENTIALITY 


Do you wish your response to be confidential (please circle appropriately) ? 


! 


YES NO 
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APPENDIX B 


ONTARIO HYDRO'S GENERATION PROGRAM 
LRF 48A 
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These data apply for 4-unit generating stations and do not 
include the cost of fuel consumed in the stations. 
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Source: Ontario Hydro, Generation-Technical, Vol. 1, 1976 
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